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FOREWORD 


The  work  presented  In  this  report  waa  performed  by  Goodyear  Aircraft  Corporation,  Akron, 
Ohio,  under  the  authority  of  Project  6065,  Task  606506  entitled  "Feasibility  Study  fora  Balloon  Type 
Stabilization  and  Deceleration  System  for  High-Altitude  and  High-Speed  Recovery,  "  and  Air  Force 
Contract  No,  AF33(016)-8O15. 

This  is  Part  II  of  the  contract.  Part  I  of  this  report  has  the  subtitle  "Functional  and  Per¬ 
formance  Demonstration.  " 

Mr.  S.  Metres,  Flight  Accessories  Laboratory,  Aeronautical  Systems  Division,  served  as 
contract  monitor. 

The  authors  and  contributing  personnel  of  Goodyear  Aircraft  Corporation  who  cooperated  in 
tire  research  and  the  preparation  of  this  report  were  F.  R.  Nebiker,  project  engineer;  W.  C.  Alex¬ 
ander,  associate  project  engineer;  W.  A.  Barr,  design  head;  J.  W.  Bezbatchonko,  aerodynamic 
analysis;  J.  D.  D'Allura,  aerodynamic  analysis;  L.  M.  Cerreta,  thermodynamic  analysis;  J.  J. 
Graham,  design;  N.  E.  Houtz,  structural  analysis;  R.  W.  Nordlic,  materials;  Dr.  R.  S.  Ross, 
consultant;  and  F.  Bloetscher,  consultant. 
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ABSTRACT 


Analytical  and  experimental  data  was  obtained  on  a  number  of  inf  latable  balloon  type  drag 
device  configurations  in  the  subsonic,  supersonic  and  hypersonic  flight  regime.  On  the  basis  of  this 
data  it  has  been  concluded  that  an  inflatable  conical  balloon  is  a  feasible  stabilization  and  deceler¬ 
ation  device  for  recovery  from  hlgh-altii.ude,  high-speed  flight  regimes  (up  to  Mach  10  at  200,  000 
feet). 

The  practicality  of  these  Inflatable  docale raters  was  based  on  satisfactory  performance  for 
a  given  weight  and  bulk  penalty,  technique  of  manufacturing,  and  availability  of  structurally  com¬ 
patible  materials  within  a  temperature  regime  up  to  1500°F, 

The  Ballute  (ram -air  Inflated  conical  balloon)  configuration  was  selected  as  optimum  for 
best  meeting  the  contract  requirements.  Included  In  the  report  are  wind  tunnel  test  date  that  pre¬ 
sent  drug  and  stability  information  of  various  deceleratcr  configurations  placed  in  a  towed  position 
behind  a  forobody. 


PUBLICATION  REVIEW 
This  report  has  been  reviewed  and  is  approved, 

FOR  THE  COMMANDER: 


Branch 

Flight  Accessories  Laboratory 
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SECTION  1 


INTRODUCTION 


A.  GENERAL. 

Under  contract  AF33(6 1 6) -801 5  with  Aeronautical  Systems  Division,  Goodyear  Aircraft 
Corporation  (GAC)  1ms  conducted  a  detailed  study  and  test  program  to  determine  the  feasibility  oi 
using  inflatable  balloon  type  drag  devices  at  speeds  up  to  Mach  10  and  altitudes  up  to  200,  000  feel 
for  applications  such  as  first -stage  decolerutors  of  missile  components,  emergency  escape  cap¬ 
sules,  booster  assemblies,  and  others.  This  program  is  an  extension  of  an  applied  research  study. 
Specifically  it  is  the  continuation  of  the  work  conducted  under  contract  Af33(6i6)-601u.  The  "6uiO" 
program  showed  the  fonsihtllt"  'f  jiu  spherical  Inflatable  drag  device  at  speeds  up  to  Mach  4  and 
altitudes  up  to  200,  000  ieel. 

B.  BACKGROUND 

With  the  advent  of  high-speed,  nigh-altitude  night,  now  methods  of  stabilization  and  decol¬ 
oration  must  be  developed  for  successful  recovery  of  such  payloads  as  manned  space  capsules, 
rocket  boosters,  nose  cones,  and  instrument  data  packages,  Initial  stabilization  is  required  so  that 
protective  re-entry  devices  (boat  shields,  ablation  shiolds,  drag  producing  devices)  of  a  payload 
tumbling  or  dtsorionied  in  space  can  he  nitgnod  with  the  flight  path.  Initial  deceleration  is  required 
to  reduce  aerodynamic  heating  and  loading  and  in  gradually  reduce  the  velocity  of  the  payload  through 
a  varying  dynamic  loading  regime. 

C.  OBJECTIVES 

The  main  objective  of  ibis  program  was  to  determine  the  optimum  drag  riovlce  system  that 
would  perform  satisfactorily  along  a  vertical  downward  flight  path  following  deployment  within  the 
Mach  innnhor  versus  altltudu  unvulnpus  as  shown  In  Figure  1.  An  optimum  system  Is  defined  ns  a 
system  that  provides  the  largest  stable  drug  area  at  a  minimum  weight  and  hulk  penally.  Satisfac¬ 
tory  drag  dovlco  performance  is  defined  us  providing  a  payload  ndoqualo  decoloration  with  attitude 
stability  for  aligned  flight  (near  zero  anglo  of  attack)  and  for  the  subsequent  safe  landing  In  a  desig¬ 
nated  target  nroa.  In  addition  to  the  main  objective.  It  was  nucossary  to  determine  the  perlormnncG 
capabilities  and  limitations  of  the  applicable  drag  devices  investigated  in  order  to  define  the  roqulro- 
monis  for  a  follow-up  Much  10  cnptlvo  and  f  too -flight  IohI  program.  The  summary  of  the  scope  of 
the  roqulred  work  of  this  program  is  ns  follows: 

Task  I  -  Conduct  a  preliminary  study  program  to  determine  iierformnnce  and  design  re¬ 
quirements  with  respect  to  aerodynamics,  thermodynamics,  hulk,  and  fabrication  limita¬ 
tions  of  various  drug  device  configurations.  The  configurations  include  spheres,  liom is - 
spheres,  and  cones  at  various  apex  angles. 

Task  2  -  Utilizing  the  performance  requirements  of  Task  1,  conduct  a  gas  storage  hardware 
study  to  determine  weight  nnd  bulk  of  various  inflation  systoms  to  maintain  inflation  oi  the 
drug  dovlco  throughout  the  doscont  trajectory  down  to  sea  level. 

Task  3  -  Conduct  ft  material  requirement  study  with  respect  to  weight,  bulk,  strength,  flex¬ 
ibility,  gas  tightness,  and  fabrication  techniques.  The  operational  temperature  limit  re¬ 
quirement  of  the  material  is  1500°F. 

Task  4  -  Conduct  functional  and  laboratory  testa  as  required  to  support  the  analytical  work 
of  tasks  1,  2,  and  3. 

Task  5  -  Utilizing  the  results  of  tasks  1,  2,  3  and  4,  conduct  an  optimum  configuration  de¬ 
sign  study.  Assemble  results  with  applicable  tables,  graphs,  and  drawings. 

This  report  present.)  the  results  of  Tasks  1  through  5. 


Manuscript  released  by  the  author  October  1962  for  publication  as  an  ASD  Technical  Documentary 
Report. 
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SECTION  2 

DISCUSSION  OF  INFLATABLE  STRUCTURE  DEVICES  FOR  DRAG  RE-ENTRY 


This  resoarch  and  development  program  was  conducted  to  obtain  additional  design  and  per¬ 
formance  information  to  verify  the  feasibility  ol  utilizing  inflatable  balloon  type  drag  devices  to  im¬ 
prove  flight  vehicle  performance  for  safe  and  successful  re-entry  and  recovery  from  space. 

Experimental  performance  data  was  obtalnod  nt  speeds  up  to  Mach  10.  The  data  consists  of 
the  resuits  of  wind  tunnei  tests  cone!1 2 3 4.  •.c*ed  at  subsonic,  supersonic,  and  hypersonic  speods.  The 
majority  of  the  decelerator  models  were  flexible  fabric  Inflatable  models  which  were  lowed  behind  a 
lorebody  at  the  end  of  a  flexible  riser  cable.  The  tosts  supported  tho  major  program  requirements 
of  obtaining  nerodynamlc,  thermodynamic,  and  structural  datn  on  various  Inflatable  deceloratur  con¬ 
figurations  for  the  subsequent  optimum  system  design  in  an  expanded  flight  regime  not  previously 
Investigated  to  any  degree  of  completeness. 

Per  contract  requirements,  closed  pressure-vessel  spheres,  hemispheres,  and  cones 
were  Investigated.  In  addition  solf-inflnted  configurations  called  Bn  1  lutes  were  Investigated.  As 
the  name  Implies,  It  Is  a  combination  balloon  and  parachute.  It  is  similar  to  a  parachute  hy  method 
of  ram -air  Inflation  and  ovor-nl!  oxtarnnl  shape,  It  differs  from  a  chute  bocauso  of  its  near-zero 
porosity  coated  fabric  structure  audits  onrlosuro  of  multiple  suspension  lines.  Because  of  tho 
coating  the  Balluto  forms  a  more  rigid  Inflatable  structure  nml  a  resulting  finite  aerodynamic  shape 
(dimensional  stability)  which  gives  prodlctanle,  repeatable  performance.  Tills  type  of  performance 
was  demonstrated  during  tho  wind  tunnol  tests. 

This  over-all  program,  supported  by  laboratory  tosts,  consisted  of  aerodynamic,  thermo¬ 
dynamic,  material,  nnd  dosign  studios.  Tho  major  result  of  the  material  study  was  tho  development 
of  a  strong  lightweight  foldable  metal  doth  woven  with  strandod  wires.  Tho  significant  wind  tunnol 
results  aie  ns  follows: 

(1)  Trailing  towed  conical  doceterators  with  burble  fencus  havo  tho  capability  of  obtaining 
drag  coefficients  of  one  or  groutnr  over  llio  entire  Huporsonic  speed  rnngo.  Drag  co¬ 
efficients  wore  based  on  the  fully  inflated  model  design  diameters  of  cither  7  or  8  inches. 
Tho  burble  fence  outside  diameters  wore  grontor  limn  their  respective  inflntod  dosign 
diameters. 

(2)  Trailing  towed  conical  decelerators  which  have  apex  none  angles  of  80  degrees  or  less 
n2'e  stable  (little  or  no  coning)  In  the  lnflnlto  payload  mass  condition  throughout  the 
range  of  speods  tested. 

(3)  Kum-air(self -Inflating)  Ilalluto  models  performed  satisfactorily  throughout  the  range  of 
speeds  tested. 

(4)  The  nso  of  the  motnl  cloth  fabricated  modols  performing  under  dynamic  loads  in  a  wind 
tunnel  at  Mncli  10  and  at  temperatures  of  approximately  1500°F  for  an  exposure  time 
of  over  one  minute  was  demonstrated, 

The  significant  results  of  the  configuration  design  study  are  as  follows: 

( 1 )  Of  nil  of  the  zoro-porosity  balloon  configurations  tho  ram -air  Ballutc  configurations 
offer  the  most  promise  for  providing  the  best  performance  at  speeds  ranging  from 
extremely  low  subsonic  up  to  and  including  hypersonic  »t  the  least  weight  and  bulk 
penalty. 

(2)  Along  vertical  trajectorieu  from  250,000  feet  down  to  sea  level  aerodynamic  heating 
limits  Dacron -neoprene  type  fabric  decelerators  in  the  order  of  10  feet  in  diameter  to 
operation  at  speeds  up  lo  Mach  2  to  2.  5. 

(3) It  is  feasible  to  utilize  Bailute  decelerators  made  of  present-day  coated  metal  cloth  for 
actual  free  flight  tests  in  the  Mach  4  to  Mach  10  flight  regime. 
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SECTION  3 


PRELIMINARY  STUDY  PROGRAM 


A.  GENERAL 

The  purpose  of  the  preliminary  study  program  was  to  determine  the  type  of  inflatable  blunt 
body  configurations  to  be  investigated.  Tho  three  basic  geometric  shapes  to  be  studied  under  con¬ 
tractual  requirements  wera  the  sphere,  hemisphere,  and  cone. 

Basic  shape  variations  determined  worthy  of  consideration  were  the  ram  air  Ballute  (cone 
balloon),  the  rani  air  tucked  Balluto,  and  the  torus  skirt. 

The  preliminary  study  program  Included  a  trajectory  analysis,  aerodynamic  analysis, 
thermodynamic  analysis,  wind  tunnel  model  design  study,  wind  tunnel  model  stress  analysis,  and 
subsonic  wind  tunnel  tests. 

B.  TRAJECTORY  ANALYSIS 

The  definition  of  the  vertical  trajectories,  required  at  the  earliest  date  possible  for  Initial 
design  purposes,  was  fulfilled  to  some  extent  by  the  work  of  Reference  1.  The  desire  for  explicit 
trajectories  beginning  at  each  corner  of  the  design  Mach  number-altitude  trapezoid  (Figure  3.)  and 
covering  the  range  of  W/CqA  from  1.0  to  100  required  tho  compulation  of  the  trajectories. 

The  equation  defining  tho  vortical  acceleration  is 

^  "  K  (‘  ‘  2  (W/CdA)  ) 

and  the  velocity  and  altltudo  equations  nro 


h  ■  f 1  Vdt. 

Jo 


The  IBM  650  digital  computor  was  utilized  for  tho  calculation  of  the  trajectories.  The  11*59 
ARDC  atmosphere  was  adopted,  and  tho  time  Increment  In  the  solution  was  varied  an  acceleration 
changed. 


A  constant  (W/CdA)  was  assumed  In  tills  trajectory  analysis  rather  than  a  rigorous  con¬ 
sideration  of  Its  variation  with  Mach  number  fur  a  specific  configuration.  This  assumption  was  con¬ 
cluded  after  observing  only  a  slight  change  In  the  Interested  trajectory  quantities  of  an  80-degree 
cone  uBlng  both  a  constant  value  of  W/C^A  and  a  variable  value  with  Mach  number. 

The  computer  print-out  listed  time,  altitude,  velocity,  Mach  number,  dynamic  pressure, 
and  acceleration  in  terms  of  grnvlty(g).  These  quantities  are  plotted  defining  each  trajectory  for  the 
specified  Initial  altttude-Mach  number. 

An  additional  quantity,  stagnation  pressure  (P-p)  is  also  of  .nterest  for  design.  This  quantity 
is  the  pressure  behind  a  normal  shock  as  a  total  head  tube  would  measure  in  a  supersonic  stream. 

It  was  calculated  by  the  following  equation: 
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The  quantity  (Pt  -  P„>)/q  „  is  solely  a  function  of  Mach  number  which  is  a  modification  of 
the  Rayleigh  pitot -tube  formula.  The  dynamic  pressure  (q)  was  obtained  from  the  computer  print -out 
and  P„  was  obtained  from  the  1959  ARDC  atmosphere  table  for  tho  altitude  in  question.  All  this  tra¬ 
jectory  data  Is  described  In  Figures  2  through  17. 

it  will  be  noted  from  observation  of  the  acceleration  and  stagnation  pressures  that  their 
maxima  occur  at  time  zero  for  tho  initial  esse  of  M  ®  4.  0  and  altitude  =  70,  000  feet  and  at  W/CnA'a 
from  1.  0  to  100.  These  maxima  occur  later  in  the  trajectory  as  altitude  la  increased  and  W/Cf^A  is 
Increased.  At  Mach  10  and  120,  000  feet,  however,  tills  Is  still  the  case  for  W/CyyA's  of  1  and  10. 

C.  AERODYNAMIC  ANALYSIS 

The  superiority  of  a  given  dacelorator  over  any  other  conceivable  configuration  lies  not 
only  In  the  evaluation  of  Its  drag  effectiveness  behind  a  payload  but  also  on  Us  aerodynamic  stabil¬ 
ity,  structural  Integrity  which  affects  its  weight,  and  upon  the  nature  of  the  inflation  mechanism  and 
Its  weight.  Of  aerodynamic  concern  is  the  drag  effectiveness  of  tho  decelerator  behind  a  given  pay- 
load  size  (diameter  of  d)  And  decelerator  size  (diameter  of  d')>  so  that  the  tethered  length  <jL)  may 
be  optimally  set  at  a  given  /?/d.  The  effect  of  Mach  number  must  also  be  concerned  since  compro¬ 
mises  In  this  length  may  be  In  order. 

The  state  of  the  analytical  art  does  not  permit  the  solution  of  these  problems.  Experimental 
techniques  must  then  be  ultliued. 

A  search  of  the  literature  indicated  only  a  minor  contribution  of  experimental  data  except 
that  collected  under  the  previous  contract  (reference  2),  and  this  work  did  not  extend  to  the  M  >  4 
to  10  zone.  Further,  It  was  desired  to  suspend  the  inflatable  decelerator  behind  tho  payload  on  a 
cable  so  that  the  stability  characteristics  could  be  observed.  The  ram -air  principle  of  inflation  was 
also  a  new  area  to  be  investigated,  it  was  therefore  concluded  that  wind  tunnel  tests  were  quite 
necessary. 

The  NASA  Langley  Unitary  wind  tunnel  was  made  available  for  the  tests  covering  the  Mach 
number  range  of  1.  57  to  4.A5.  The  Arnold  Engineering  Development  Center,  Tunnel  "C"  of  the  Von 
Ksfrinin  Gas  Dynamics  Facility  was  made  available  for  the  M  ■  10  tests,  These  tests  are  complete¬ 
ly  discussed  In  their  respective  auctions  of  this  report. 

In  the  Initial  phosss  of  this  contractual  effort,  drag  estimates  and  pressure  estimates  were 
made  nf  various  configuration!!  to  establish  further  consideration.  This  was  also  done  for  wind 
tunnol  model  design  purposes.  For  this  effort,  existing  data  was  exploited,  and  theoretical  calcu- 
lattve  methods  such  as  Newtonian  theory  and  conical  flow  theory  were  employed. 

D.  THERMODYNAMIC  ANALYSIS 
1.  Objective 

Aerodynamic  heating  of  spheres  and  90-degreB  conus  with  spherical  noaos  ao  re  -entry  blunt 
drag  bodies  were  studied  in  a  Mach  number  range  of  10  to  2  and  in  an  altitude  range  of  200, 000  to 
40, 000  feet.  Temperature  histories  were  determined  for  spheres  without  flow  separation  spikes  and 
correlated  to  spheres  with  flow  separation  spikes.  Analyses  were  made  to  determine  temperature 
distributions  over  sphores,  spheres  with  flow  separation  spikes,  90 -degree  cones,  and  90-degree 
cones  with  flow  separation  spikes. 

The  objective  of  this  preliminary  thermal  study  was  to  establish  thermodynamic  require¬ 
ments  for  the  specified  performance  envelope  (see  Figure  1)  and  to  provide  temperature  data  to  es¬ 
tablish  functional,  structural,  and  environmental  design  requirements. 

Re-entry  trajectories  within  the  flight  envelope  shown  In  Figure  1  were  obtained  from  com¬ 
puter  studies  conductod  by  GAC  aerodynamiclsts  in  which  various  drag  body  sizes  and  ballistic  co¬ 
efficients  were  used. 
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Figure  4.  Altitude  versus  Time  from  Mach  10  and  MO,  000  Feet 
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Flguro  It,  Altitude  versus  Total  Pressure  (Pt)  from  Mneh  10  ami  200,000  Feet 
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Figure  6.  Altitude  versus  Velocity  from  Mnch  10  and  120,000  Feet 
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Figure  V.  G  versus  Time  from  Mach  10  and  180, 000  Foot 


Figure  8.  Altitude  versus  Time  from  Mach  10  and  120,000  Feet 
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Figure  l).  Altitude  versus  Total  Pressure  (P»j*)  from  Mach  10  and  120,000  Feet 
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Figure  10.  Altitude  versus  Velocity  from  Mach  4  and  70,000  Feet 
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Flguro  11.  Gvorsus  Time  from  Mach  4  and  70,000  Feet 


Figure  12.  Altitude  versus  Time  from  Mach  4  and  70,000  Feet 
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Figure  14.  AltHudu  vcraua  Velocity  from  Mach  4  and  120,000  Feet 
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Figure  15.  G  versus  Time  from  Mach  4  and  120, 000  Feet 
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Re-entry  trajectories  with  ballistic  coefficients  (W/CdA)  of  1,  10  ,  20  ,  50,  and  100  and  initial  drag 
body  deployment  at  200,000  foot  and  120, 000- foot  altitudes  with  freest  ream  Mach  number  10  were 
utilized  in  this  thermodynamic  analysis.  Herein,  drag  bodies  with  or  without  flow  separation  spikes 
are  called  out  as  spiked  or  non -spiked  bodies  respectively. 

2.  Method  of  Analysis 

Laminar  or  turbulent  flow  conditions,  whtehovor  results  In  the  most  critical  condition, 
were  used  to  calculate  temperature  distributions  over  the  blunt  bodies.  Continuum  flow  theory  was 
applied  throughout  the  flight  envelope.  The  1959  ARCD  Model  Atmosphere  was  used  In  all  calculations. 

a.  Stagnation  Point  Hoat  Transfer.  Stagnation  temperatures  were  determined  from  the  expres¬ 
sion  for  heat  flux  to  the  forward  stagnation  point  of  an  axlsymmetrlc  blunt  body  (Eq  1), 


9SP 


0.793 


(Prw,  Sp) 


as  gp4‘  (Pw"w)sp06(-d^-)gp  (‘HwJap  1  +  f1'0,52 


SP 


(1) 


Equilibrium  dissociation  flow  properties  were  assumed  throughout,  with  Lewis  Number 
(L)  -1.4  and  viscosity  as  a  function  of  toinperaiurc.  This  expression  Is  a  result  of  the  boundary 
layer  thoory  of  Fay  and  Riddell  {Reference  3)  with  the  Ionization  term  omitted  since  It  la  negligible 
at  velocities  less  than  30,000  fps. 


The  calculated  heat  flux  was  then  equated  to  the  formula  for  rcradlatlon  equilibrium  tem¬ 
peratures  to  obtain  the  stagnation  tempornturu 


qsp  •  i  a  Tf(4 .  (2) 

Emlsslvlty  (*  )  «  0.  9  was  used  in  the  calculation. 

b.  Blunt  Body  Hoat  Transfer  Distribution.  Tomporuture  distribution  over  the  axlsymmetrlc 
blunt  body  was  determined  from  t ho  heat  flux  ratio  Equation  (3)  proposed  by  Lees  (Reference  4)  for 
laminar  flow. 


1_  .  0.  3(P/PQ)  (Ue/U,)3  I  (PH  /P)o/(p/i/P)nSpl 

^SP  f*  (P/P0)(Uo/UJS2  \{pn  /P)e/(pu/ P)e>  spjdx]0,5 
J  0 


Turbulont  flow  temperatures  over  the  axlsymmetrlc  blunt  body  were  calculated  by  Van 
Drlest's  method  (Eq  4,  Reference  5). 


q  =  0. 175  Pw  UwCp 


(* 


dU_\0.8 


-0.2 


SP 


/PeY'VM^/ir 

\P«/  \P«/  \nj 


-2/3 


(lr-iw)  (4) 


Ideal  gas  properties  and  the  Sutherland  viscosity  law  were  applied  to  evaluate  temperatures 
using  Van  Drlest's  method. 

c.  Spiked  Blunt  Body  Heat  Transfer  Distribution.  The  total  heat  transfer  to  a  blunt  body, equipped 
with  allow  separation  spike,  has  been  Increased  under  some  conditions  (Reference  6)  and  decreased 
under  other  conditions  (Reference  7).  Theoretically,  an  increase  in  heat  transfer  might  be  expected 
for  transitional  or  turbulent  flow  In  the  boundary  layer  over  the  separated  region,  since  prediction 
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shows  here  a  large  Increase  for  the  lower  Mach  number.  According  to  Reference  8,  a  decrease  In 
heat  transfer  should  be  expected  for  laminar  flow  over  the  entire  separated  region,  With  these  con¬ 
ditions  In  mind,  Crawford's  investigation  of  Bplked  hemispheres  (Reference  9)  was  used  In  conjunc  ¬ 
tion  with  calculated  temperatures  for  spheres  to  predict  the  temperature  distribution  over  a  spiked 
sphere.  The  following  correlations  wore  used  to  determine  the  temperature  distribution  of  the 
spiked  sphere  (Reference  9): 


0  -  22.5°, 

q  -  0.  8  4gpf  Ns 

0  =  45°, 

q  ^  2.0  qgp,  Nfi 

p  =  67.  5J, 

q  -  O.u  qSpi  MS 

0  -  90°, 

q  -  0.  lSqsP,  NS 

For  the  spiked  sphere  with  J/D  of  4  or  greater,  the  shock  reattachinent  location  on  the 
sphere  Is  approximately  49  degrees  from  the  center- line  of  the  spike  as  shown  in  Figure  18  and  has 

an  average  separation  angle  of  11  degrees  (Reference  9). 


Figure  18.  Graphical  Solution  for  p  of  90-Degree  Cone  with  Ollier  Conditions 

Same  as  for  the  Sphere 

An  approximation  method  was  used  In  obtaining  the  temperature  distribution  for  the  spiked 
90-dcgrcc  cone.  Assuming  the  separation  angle  Is  the  same  as  that  of  a  spiked  sphere  when  C  fT>, 
d/D;  and  diameter  of  the  spiked  cone  are  equal  to  that  of  the  spiked  sphere,  the  shock  reattachment 
location  was  determined  graphically  for  the  spiked  cone.  Using  this  method  of  correlation  belween 
the  spiked  sphere  and  spiked  cone,  a  heat  flux  ratio  versus  location  curve  was  obtained  for  the 
spiked  cone  (Figure  19). 
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KAT  FlUX  RATIO  -  q^/qQ,  NS 


Figure  19.  Heat  Flux  Ratio  verBUB  Location  to)’  Spiked  and  Non-Sptked  Rody 
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3.  Results 


Stagnation  temperature  histories  during  the  various  flight  trajectories  or  a  sphere  with 
radius  of  one  fool  are  shown  in  Figures  20  aid  21,  Maximum  stagnation  temperature  Tor  the  various 
trajectories  are  given  in  Table  1, 


Table  1,  Maximum  Stagnation  Temperatures 


W/CdA 

INITIAL  CONDITION 

MAXIMUM  STAGNATION  TEMPERATURE  CONDITION 

H(ft) 

U„  (fps) 

H(ft) 

6 (sec) 

T0mnx  (°R> 

1 

10 

200,000 

10,  350 

200, 000 

0 

2310 

10 

10 

200,000 

9500 

155,000 

4.4 

2460 

20 

10 

200,000 

9350 

140,000 

0,  5 

2610 

so 

10 

200,000 

9550 

120,000 

7.8 

2980 

100 

10 

9730 

105,000 

9.6 

3270 

1 

10 

10,400 

120,000 

0 

10 

10 

10,  400 

120,000 

0 

3240 

10 

10, 100 

113,500 

0.6 

100 

10 

9,530 

99,000 

2.5 

3380 

From  the  stagnation  temperature  histories,  the  flight  trajectory  with  a  ballistic  coefficient 
of  10  was  chosen  as  the  most  probable  trajoctory  for  the  drag  dovlces.  Therefore,  surface  temper¬ 
ature  versus  time  calculations  worn  made  using  Ibis  trajectory.  Surface  temperature  results  for 
spiked  and  non-splked  spheres  are  prcHontod  in  Figures  22  und  23.  The  maximum  surface  tempera¬ 
ture  distribution  curves  for  spiked  and  non- spiked  spheres  are  shown  in  Figures  24  and  25.  The 
maximum  surface  temperature  of  (lie  spiked  sphere  Is  approximately  20  percent  higher  than  the  stag¬ 
nation  iomporature  of  the  non-spiked  sphere, 

Maximum  Iomporature  distribution  ovor  u  spiked  90-degree  cone  for  a  ballistic  coefficient 
of  10  type  trajectory,  with  Initial  deployment  altitudes  at  200,000  and  120,000  feet,  is  presented  in 
Figures  ?.fi  mid  27.  fhilrulalod  temperature  (list rllmtlnn  river  n  non -spiked  1111-degree  rone  having 
tho  same  conditions  aB  the  spiked  90-degree  cone  Is  shown  In  Figures  28  and  27  for  comparison, 
Tomperaturc  distribution  over  a  90-degrec  cone  for  various  trajectories  is  shown  In  Figures  2fl  and 
29. 


The  decreasing  heat  transfer  rale  with  increasing  radiuB  of  curvature  at  the  stagnation  point 
of  a  blunt  body  has  long  been  recognized,  Tho  temperature  decrease  with  radius  increase  of  a  blunt 
body  can  lie  obtained  from  the  following  expression: 


TS 


T1  «0 


-0. 125 


(5) 


Temperatures  presented  in  Figures  19  through  29  are  for  blunt  bodies  with  one-foot  radii. 
Temperatures  for  spheres  or  90-dcgree  cones  having  radii  greater  than  one  foot,  can  be  easily  de¬ 
termined  from  Eq  5  or  from  tho  temperature  conversion  chart  of  Figure  30. 

4.  Conclusions 

As  was  previously  stated,  the  effect  on  heat  transfer  rates  to  blunt  bodies  with  flow  separa¬ 
tion  spikes  may  vary  considerably  with  length  and  diameter  or  spike,  tunnel  Reynolds  number,  and 
Mach  number.  The  available  data  does  not  lend  itself  to  predicting  heat  transfer  rates  to  a  drag 
balloon  system  In  that  little  If  any  similarity  exists  between  the  spiked  blunt  bodies  and  a  drag 
balloon  system. 
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Figure  2D.  Stagnation  Temperature  versus  Time  figure  2i.  Stagnation  Temperature  versus  Time 

from  200,000  Feet  (Sphere)  from  120.000  Feet  (Sphere) 


Figure  26.  Maximum  Temperature  versus  Location  Figure  27.  Maximum  Temperature  versus  Location 

from  200,000  Feet  (90-Degree  Cone)  from  120.000  Feet  (90  Degree  One  f 


3600 


0  2  4  6  8  10  12 

DRAG  BODY  RADIUS  'Rq)  -  FEET 


Figure  30.  Temperature  versus  Drag  Body  Radius 
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E,  WIND  TUNNEL  MODEL  DESIGN  STUDY 


A  preliminary  design  study  was  made  tn  determine  the  types  of  inflatable  blunt  body  configurations 
to  be  Investigated.  A  large  number  of  configurations  were  conceived,  and  each  was  evaluated  on  the 
basis  of  packagoability,  weight  and  structural  stability,  methods  and  cost  of  manufacture,  and  aero¬ 
dynamic  performance.  Moat  of  the  concepts  were  eliminated  quickly  by  these  considerations,  with 
no  numerical  analysis,  leaving  a  smaller  number  of  concepts  (see  figure  31)  to  bn  Investigated 
further.  The  remaining,  most  promising,  concepts  fell  Into  two  basic  categories;  (1)  pressurized 
types,  or  those  that  arc  inflated  by  a  self-contained  pressure  source  and  (2)  ram-air  Inflated  types. 

1 .  Pressurized  Types 

The  pressurized  type  of  Inflated  structure  (inflated  by  a  solf-contained  pressure  source) 
provides  a  wide  range  of  possible  shapes.  The  concepts  selected  for  further  consideration  wore 
chosen  for  liieir  relative  simplicity,  low  weight,  structural  stability,  and  case  of  manufacture. 

Their  shapes  fell  into  areas  of  known  good  aerodynamic  performance :sphere  and  hemisphere, 

a.  Sphere.  The  sphere,  with  a  fence  15  degrees  aft  of  the  equator  (Figure  31a),  had  already  un¬ 
dergone  considerable  development  as  a  decelerator  (Reference  2),  and  it  warranted  further  test 
work. 


b.  Hemisphere.  The  hemisphere  concept  (Figure  31b)  has  a  hemispherical  front,  and  the  attach¬ 
ment  tu  the  fabric  structure  Is  made  entirely  tu  the  back  muiiibrune  by  passing  the  tea1  cable  through 
a  slide  fitting  at  the  front.  Thus,  the  shape  of  the  front  Is  never  distorted  from  its  hemispherical 
shape  by  Attachments  to  the  fabric  or  by  meridional  rubles,  as  is  the  cuse  with  (he  sphere.  The  ad¬ 
vantages  of  this  concept  over  the  sphore  were  believed  to  be 

(1)  Frontal  shape  would  remain  hemispherical,  smooth  mid  free  of  protrusions. 

(2)  Inflated  volume  Is  reduced  nnd  Is  variable  us  the  buck  membrane  moves  in  and  out, 
thus  reducing  the  complexity  of  pressure  regulation  during  changes  of  altitude. 

(3)  The  possibility  that  no  fence  would  be  requirod  for  subsonic  stability  due  to  the 
sharper  radius  of  the  profile  at  the  equator. 

c.  Cone  Balloon.  The  cone  balloon  (Figure  31c)  has  a  structural  advantage  over  the  sphoro  be¬ 
cause  the  drag  forces  are  applied  directly  to  (he  frontal  cone  and  distributed  back  toward  the  equator 
through  suitable  fabric  reinforcements.  The  75-degree  cone  with  the  fence  at  the  equator  was  select¬ 
ed  for  this  program  because  a  wind  tunnel  model  of  this  particular  configuration  existed  for  use. 

d.  Alrnmt  Cones,  The  pure  cone  Is  known  to  be  an  ideal  drag  body  shape.  The  Alrmnt  cone 
(Figure  Old)  comes  closest  to  providing  the  pure  cone  of  all  the  Inflated  structures.  Other  means 
ot  obtaining  a  cone  which  were  considered  und  then  discarded  were 

(1)  A  series  ol  concentric  tort,  which  would  have  presented  a  rippled  contour  tn  the  flow 
direction,  and  probably  would  be  heavier  and  more  difficult  tu  build. 

(2)  A  constant  thickness  Atrmal,  which  would  have  required  a  special  weaving  technique 
not  yet  developed,  to  produce  the  curved  panels. 

(3)  A  series  of  flat,  triangular  Airmat  panels,  which  was  not  considered  a  desirable  con¬ 
tour, 

The  Atrmat  cone  with  tapered  gores  (Figure  31d)  Is  a  modified  type  of  Airmat  which  Is  fea¬ 
sible  to  manufacture  economically  with  proper  tooling.  An  added  feature  of  this  concept  was  the 
possibility  of  use  as  a  variable  u'  -u  device  by  reducing  the  Inflation  pressure  and  causing  the  gores 
to  be  shortened  In  the  hoop  direction,  thus  forcing  the  cone  into  a  smaller  angle. 

e.  Torus  with  Curtain.  In  Hus  concept  (Figure  31o)  a  torus,  which  is  a  well  -known  inflated  shape, 
is  towed  by  a  contoured  curtain  of  uncontcd  fabric.  The  curtain  Is  contoured  tn  the  shape  ol  a  flared 
cone  and  was  expected  to  have  aerodynamic  characteristics  similar  to  a  blunt  cone. 

2.  Ram -Air  Inflation  Types 

The  concept  of  ram-air  inflation,  which  inflates  the  body  with  pressure  obtained  by  the 
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•T.M.,  Goodyaox  Aircraft  Corp,  Akron  15,  Ohio 

Figure  31.  Wind  Tun:iel  Model  Design  Concepts 


energy  of  motion,  automatically  compensates  tor  change  in  altitude  and  changes  tn  dynamic  condi¬ 
tions.  Thus,  tho  concept  promises  to  greatly  simplify  and  lighten  the  device  by 

(1)  Eliminating  the  weight  and  bulk  of  the  pressure  generating  system. 

(2)  Eliminating  the  need  for  pressure  programming. 

(3)  Reducing  structure  weight  by  reducing  the  pressure  ditfcrontiai  required  through 
large  changes  In  altitude. 

In  addition,  the  ram-alr  concept  eliminates  the  need  for  maintaining  a  positive  pressure 
seal  in  the  membrane  of  the  pressure  body,  for  a  considerable  amount  at  leakage  can  be  tolerated. 

At  high  temperature,  the  leakage  In  the  closed  (pressurized)  types  may  became  prohibitive. 

The  ram-air  concepts  selected  during  this  preliminary  phase  were: 

a.  Cone  Ballute  with  Hemispherical  Back,  This  was  the  first- conceived  ram-alr  Ballute.  It  is  a 
sphere  with  a  tangent  cone  at  the  front  and  with  the  Inlet  at  the  apex.  The  fence  Is  located  15  degrees 
aft  of  the  equator  to  give  maximum  subsonic  stability.  Two  cone  angles,  80  degrees  and  100  degrees, 
were  selected  for  the  test  program  In  order  to  bracket  the  known  limiting  angle  of  approximately  90 
degrees  for  supersonic  stability  of  pure  cones.  This  concept  is  shown  in  Figure  31  f. 

b.  Cone  Ballute  with  Tucked  Back.  In  this  concept  (Figure  31(c)  the  fabric  stress  in  the  rear  of 
the  Ballute  Is  reduced  by  attaching  a  center  cable  to  the  rear  portion  and  carrying  n  part  of  the  drag 
force  by  this  cable.  The  resulting  reduction  in  radius  of  curvature  and  the  addition  of  radial  rein¬ 
forcing  straps  to  liie  renter  fitting  rause  the  membrane  Btress  to  be  reduced.  Another  advantage  an¬ 
ticipated  tn  this  concept  was  the  possibility  of  varying  the  drag  area  by  shortening  the  center  cable 
and  thus  tucking  the  back  into  a  smaller  diameter. 


c.  Eighty-Degree  Isotensold  Ballute  with  Plain  Back.  This  concept  1b  a  refinement  of  tho  cor.a 
Ballute  with  hemispherical  back  and  was  developed  for  tho  second  wind  tunnel  program  after  It  be¬ 
came  apparent  that  tho  mambrano  stress  In  the  back  of  the  Ballute  could  be  reduced.  In  this  con¬ 
cept  the  membrane  envelope  is  held  within  a  cage  of  meridian  cables  or  straps  extending  from  the 
nose  to  n  ring  in  the  back,  The  cables  then  carry  a  portion  of  the  pressure  load,  thereby  reducing 
tho  membrane  stress,  A  method  of  design  and  analysts  of  this  type  of  structure  la  presented  In  Sec¬ 
tion  8  C.  At  this  stage  tn  the  program  tho  80-dcgree  cone  angle  had  been  determined  to  be  ap¬ 
proximately  the  maximum  limit  for  supersonic  stability. 

F.  WIND  TUNNEL  MODEL  STRESS  ANALYSIS 

1.  Langley  Unitary  Plan  Wind  Tunnel  (First  Series) 

Strcfin  analysis  of  the  models  was  based  on  the  maximum  loads  anticipated  In  the  tents. 
Fabric  materials  descriptions  of  the  wind  tunnel  models  are  presented  in  Table  2.  Models  through¬ 
out  this  section  are  Identified  the  same  as  in  Table  2. 

a.  General  Analysis.  All  models  were  analyzed  tor  the  conditions  of  maximum  theoretical  drag 
coefficient,  as  given  in  Table  3.  Using  these  values,  the  drag  is  given  by  the  equation 

D  -  CoqirRZ, 

and  the  pressure  at  any  point  Is  given  by 
P  -  Cpq. 

In  the  case  of  the  meridian  cable  balloon  (Model  h),  the  no-load  condition  can  probably  be  shghtiy 
more  critical  to  the  fabric  stresses  than  the  maximum  drag  condition.  In  this  case,  however,  the 
static  pressure  during  operation  of  the  tunnel  is  lower  than  the  minimum  pressure  to  which  the  tun¬ 
nel  is  evacuated  before  the  flow  Is  started.  The  maximum  load  condition,  therefore,  is  the  moBt 
critical  lor'the  meridian  cable  balloon  model,  as  it  is  for  all  the  other  models. 


ASD-TDR-82-702  Pt  II 


29 


(<n}Ta*»xs 


Table  3.  Summary  of  Aerodynamic  Data 


B 


Critical  Wind  Tunnel  Conditions:  q  =  ISO  pal,  P  ■  95.  2  pal,  M  ■  1. 5 


MOD£L 

Cd 

-  ' 

Cp  (aft) 

Cp  (Inside) 

Cp  (max) 

a 

■Qi 

■EH 

t.sa 

** 

b 

■  ...dm. 

■■ 

1.02 

** 

c 

* 

* 

d 

* 

I 

* 

* 

e 

1.33 

— — 

** 

f 

1.60 

-0.17 

— — 

** 

s 

1.26 

-0,17 

** 

h 

1.0B 

-0.25 

---- 

2.0 

l 

1.03 

-0.25 

.... 

2.0 

J 

1.33 

-0.22 

1.52 

** 

♦Porous  Models  c  and  d  have  lighter  loads  and  pressures  than  similar  coated 
models  a  and  b.  Therefore,  no  analysis  is  performed  and  no  aerodynamic 
data  Is  needed. 

♦♦Maximum  pressure  coefficient  data  is  used  only  in  analysis  of  modelB  h  and  1. 

- Internal  pressure  coefficient  applies  only  to  ram-inflated  Models  a,  o,  c,  d, 

and  J. 


Table  4.  Summary  of  Minimum  Margins  of  Safely  (Based  on  Limit  Loads) 


MODEL 

FABRIC  MARGIN 

TAPES  AND/OR 
STRAPS  MARGIN 

REAR  FITTING 

RING  MARGIN 

a 

♦ 

* 

** 

b 

* 

2.88 

** 

c  ! 

Less  critical  than  Model  a  or  b. 

*• 

d 

i  Less  critical  than  Model  a  or  b. 

*• 

e 

>(f) 

** 

+  * 

i 

3.02 

** 

s 

* 

* 

** 

h 

* 

** 

** 

i 

* 

1.7 

1.71 

J 

* 

• 

** 

♦  Margins  of  safety  are  greater  than  four. 

♦♦  These  models  are  not  equipped  with  the  respective  structural  elements. 
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In  all  the  preusurizod  models  except  h,  the  pressure  is  determined  by  the  criterion  of  first 
wrinkling*  and  to  insure  against  wrinkling  this  pressure  is  multiplied  by  a  factor  of  1 ,  S  to  obtain  the 
actual  pressure  desired  for  the  test.  Using  this  actual  pressure,  the  maximum  stresses  are  obtained 
and  are  compared  to  the  quick-break  strengths  of  the  materials.  The  results  are  preaonted  as  mar¬ 
gins  of  safety  (Table  4),  which  are  defined  as  follows: 


Margin  of  Safety 


quick-break  break  strength 
maximum  design  stress 


hi  Model  h,  the  pressure  is  arbitrarily  chosen  large  enough  to  prevent  the  deflection  under 
load  from  becoming  excessive,  as  indicated  by  the  analysis  of  Reference  10,  and  the  stresses  arc 
based  on  this  pressure  as  described  above. 

b.  Analysts  of  Models  a.  b.  and  J.  The  ram-air  Ballute  model  shown  In  Figure  32  consists  of  a 
conical  front  part  and  hemispherical  rear  part.  The  drag  load  Is  transmitted  through  an  inlet  fitting 
to  the  fabric  and  straps  at  the  front  of  the  Ballute.  The  straps  reinforce  the  fabric,  spreading  the 
drag  load.  These  straps  have  the  threads  running  parallel  and  perpendicular  to  the  direction  of  the 
tape,  as  opposed  to  the  gores  which  have  the  threads  46  degrees  to  the  center  line  of  the  gore.  Since 
the  tapes  are  straight-cut,  they  are  much  stlffer  m  the  meridian  direction  than  the  gores.  They, 
therefore,  carry  most  of  the  drag  load  away  from  the  drag  fitting.  At  the  end  of  the  straps  the  drag 
load  is  spread  out  so  that  fabric  can  carry  the  additional  meridian  stresses.  The  stress  analysis  is 
based  on  the  Ballute  with  2(3  ■  100  degrees,  since  the  load  In  the  conical  part  is  more  critical. 


Figure  32.  Ram-Air  Ballute  (2/3  •  BO  and  100  Degrees) 


The  maximum  drag  is  given  by  the  equation 
D  -  Cjjq&R2 

D  ■  1.33  x  180  x  0.349  ■  70  pounds. 


The  maximum  stress  in  the  hemispherical  part  is 
P  »  (1.52  +  0.22)q  -  l.74q  -  1.74  x4jr  «  1.81  pel 


PR  1.61x4 

i - r  " 


3.62  ppi. 


The  hemispherical  part  fabric  strength  is  38  lb/in,  giving  a  large  margin  of  safety. 
Load  curried  by  the  straps  and  tapes: 

nTm  *  coaW  B  Ol&r  “  109  P°uncta- 


Strength  ol  straps  ■  100  x  0.12  e  12. 0  pounds. 
Strength  of  tapes  ■  38  x  0. 36  ■  14. 5  pounds. 
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No.  of  straps  =  16  Inside  and  16  outside. 

No.  of  tapes  *  8. 

33  x  13. 0  =  384 
8  x  14.6  °  116 

500  pounds. 

MB  «§--  1  -  3.68. 

The  meridian  fabric  stress  in  the  conical  section  (see  Figure  33)  where  tho  straps  end  1b 
D  +  1.  83qir(RcoB80o)a  -  1.  llq»(RcosB0°)^  +  2»Rcos250°f 
or 

f  -  7.55  lb/ln. 


The  conical  section  fabric  strength  Is  38  lb/ln. ,  giving  a  large  margin  of  safety. 

C.  Analysis  of  Models  c  and  d.  The  porous  Ballutos  are  strong  enough  by  Inspection  since  loads 
are  less  than  for  Model  a  and  b  Dallutes  and  fabric  strength  Is  BO  p;pl. 

d.  Analysis  of  Models  c  and  f.  The  Airmat  cones  (Figure  34)  hsive  a  nearly  uniform  pressure 


Figure  34.  Airmat  Cone  Stresses 
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around  the  front  side,  giving  a  uniform  pressure  difference  across  the  Airmat  equal  to  Cnq.  The 
load  from  the  Airmat  is  transmitted  to  the  main  cable  by  means  of  a  conical  metal  nose  fitting.  The 
external  pressure  loading  tends  to  reduce  the  hoop  stresses  in  the  Airmat  until  wrinkling  occurs. 

The  hoop  stress  in  the  cone  due  to  the  external  loading  is  (-CDqR)/(cos6) 

and  the  sum  of  the  hoop  stresses  In  the  Inner  and  outer  skins  due  to  Internal  pressure  is  2Pr,  where 
r  =  1/2  inch.  Wrinkling  occurs  when  2PR  ■  (CDqR)/(cosd). 

When  $  »  40  degrees,  Cq  b  1.33: 

Applying  a  factor  of  safety  of  1.  &  on  wrinkling,  the  pressure  required  is  9. 45  pel  in  the 
80-degree  cone. 


When  f»  50  degrees,  Cn  -  1.60: 

p  -  e  1  p8l  t0  WPlnkle 

and  the  actual  required  pressure  is  (1. 5)  (9. 1)  =  13. 6  psl  in  the  100-degreo  cone. 

Taking  tho  metal  notBO  piece  as  a  free  body,  static  equilibrium  yields  the  approximate  re¬ 
lationship 

(2)  (2»)  (0.84)  f,  cos  6 
or 

.  D 

'1  ‘  '(2)  (1.68  s  cos  d) 

where 

fj  1b  tho  fabric  stress  in  the  meridian  direction  at  the  nose. 

80-degree  cone:  fj  ■  6.6  lb/ln. 

100-degree  cone:  fj  -9.45  lb/ln. 

The  largest  pressure  stress  occurs  in  tho  inner  diameter  of  the  torus  and  is  equal  to 

"TT 

Using  the  100-degree  cone  pressure  of  13.6  psl,  the  stress  is  7.48  Ib/in. 

The  highest  fabric  stress  is  9.  45  lb/in.  The  fabric  strength  is  38  lb/in,  giving  a  margin  of 
safety  of  3.02. 

e.  Analysis  of  Model  g.  The  curtain  consists  of  eight  gores  of  bias-cut  fabric  seamed  together 
with  straight  cut  tapes,  which  are  assumed  to  carry  the  entire  drag  load.  There  are  18  tapes  (8 
inside  and  8  outside)  with  a  strength  of  22. 5  pounds  each.  The  drag  is 

D  *  CQqjrR2  =(1.28)  (150/144)  (3.  &2)  *  =50.5  lb. 

The  load  in  each  tape  is50.5/16  =  3. 16  pounds.  The  margin  of  safety  of  the  tapes  is  large. 


-  O 

CpqnR2  CD(150/144)  (3.5)2 

"  ( 1 . 68  «  cos  <)  (2)  "  (l.  68  cos  9)  (2) 
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The  curtain  is  attached  tangent  to  the  front  side  ol  the  torus,  applying  a  nearly  radial  load 
of  50. 5  pounds  distributed  uniformly  around  the  torus,  giving  a  unit  load  of  50. 6/2*R  »  2. 3  lb/in. 
The  loading  is  shown  In  Figure  35. 


IB/IN. 


DIA 


Figure  35.  Torus  with  Curtain  Radial  Loading 


From  Figure  35 

Qt  -  (2.3)  (3.5)  -  8.05  lb 

which  produces  a  compressive  stress  equal  to  B.  03/  »(1.  25)  *  2.05  lb/in. 

In  addition  to  the  compression,  tho  eccentric  application  of  the  load  produces  a  bending 
moment  in  the  torus  shown  in  Figure  36. 


Summing  moments  about  the  x-x  axis 

an. 

Mt  -  5.03  in-lb. 

The  moment  produces  bending  stress  (Mtc /])  equal  to 
M  .  (0.825)  ^  8  B  4,  i  ib/in. 

1  ir(0. 625)3  1 

The  total  stress  is  4. 1  +  2.05  =  0. 15  lb/in. 
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A  1C 

The  thickness  of  the  torus  Is  about  0,030  Inch,  giving  a  stress  of  =-'  ■ »  308  put  and  a 

very  large  margin  of  safety.  w" 


f.  Analysis  of  Model  h.  The  spherical  balloon  in  Figure  3?  consists  of  a  spherical  pressure 
vessel  suspended  by  a-system  of  eight  cables  along  the  meridian  circles  .  '  the  sphere.  The  angle  p 
is  designed  to  be  30  degrees  with  no  load  on  the  balloon.  Under  load  p  increases  slightly,  but  a  con¬ 
servative  value  of  the  meridian  cable  tension  is  obtained  by  neglecting  any  change  in  p.  The  maxi¬ 
mum  drag  expected  on  the  balloon  la 

D  -  CoqnR2  •  (.1.05)  (150)  (0.349)  -  55  lb. 


The  meridian  cable  tension  is  given  by  the  equilibrium  of  the  juncture  at  the  nose  of  the 
balloon:  ST^aln  30°  -  55  lb,  or  Tm  ■  13.74  pounds.  The  meridian  cables  are  1/32  diameter  non- 
flexible  carbon  steel  with  a  breaking  strength  of  185  pounds  (Reference  11,  pago  240).  The  margin 
of  safety  ll  large.  The  quantity  nT„  (where  n  ■  8)  is  equal  to  110  pounds.  Assuming  a  pressure  of 
10  psl,  the  quantity  PzH2  *  (10)  (ir)  (18)  ■  503  pounds.  The  ratio  nTm/P»R2  iB  then  equal  to  0. 219. 
A  previous  detailed  analysis  of  meridian  cable  balloons  indicates  that  this  value  results  in  only  mod¬ 
erate  distortion  of  the  sphorlcal  shape  (Reference  10). 


Tito  fabric  stresses  can  be  obtained  conservatively  by  neglecting  the  effect  of  tho  meridian 
cables  on  the  sphere,  lit  which  case  the  stress  1b  everywhere  equal  to 


PR 

T 


.Q0H4)  ^  jo  lb/in, 


Table  2). 


The  fabric  strength  is  a  minimum  of  100  lb/ln. ,  giving  a  large  margin  of  safety  (refer  to 


g.  Analysts  of  Model  i.  Figure  3B  shews  the  hemisphere  model  under  load.  This  model  consists 
of  a  hemispherical  front  half  and  a  rear  half  whose  profile  varies  under  load.  The  drag  load  iB  trans¬ 
mitted  through  the  rod  to  the  rear  fitting  and  from  the  fitting  to  the  fabric  at  the  rear  of  the  balloon. 

In  order  to  carry  the  drag  load  with  a  small  circumference  of  fabric,  the  rear  half  of  the  ballon  is 
reinforced  with  meridional  tapes  which  pass  inside  a  metal  ring  at  the  rear  fitting  and  are  cemented 
to  the  inside  surface  nf  the  balloon,  These  tapes  have  the  threads  running  parallel  and  perpendicu¬ 
lar  to  the  direction  of  the  tape,  as  opposed  to  the  fabric  gores  which  are  cut  with  the  threads  at  45 
degrees  to  the  center  line  of  the  gore.  Because  the  tapes  are  straight-cut,  they  are  much  stiffen  in 
the  meridian  direction  than  the  gores.  They,  therefore,  carry  almost  all  the  drag  load  away  from 
the  rear  fitting  in  the  form  of  meridian  stresses,  and  the  roar  surface  becomes  a  membrane  with 
meridian  stresses  much  larger  than  the  hoop  stresses.  Assuming  the  hoop  stress  in  the  rear  half 
of  the  balloon  to  be  everywhere  equal  to  zero,  the  rear-half  profile  is  derived  as  a  function  of  the 
parameter  D/PsR2.  The  derivation  is  lengthy  and  tv  not  presorted  here,  but  the  results  are  used  in 
the  following  stress  analysis. 
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fIT 

Figure  3b.  Hemisphere  Model  under  Load 


The  maximum  drag  is  given  by  the  equation 
D  -  CuqtR*, 

and  the  maximum  pressure  on  the  front  of  the  balloon  is  equal  to  2.0  q.  (Refer  to  Table  3).  Around 
the  back  side  the  pressure  is  >0. 2B  q.  In  order  to  prevent  dimpling  on  the  front  under  load,  the 
pressure  differences  across  the  back  surface  must  be  2. 25  q  -  P.  The  quantity  D/P»R2  la  then 
equal  to  a  maximum  of 


0.466. 


The  drag,  □,  Is  evaluated  tu  be  D  =  (1.05)  (ISO)  (0. 349) 
pressure  becomes,  inserting  a  safety  factor  of  1.5  on  wrinkling, 


56  pounds,  and  the  required 


tfPlU  - »)..  .  o.  466,  P 

P»R* 


AJL 


!0. 468)  (tflff) 


3. 52  pst. 


The  maximum  stress  In  the  sphere  Is  equal  lo 
7,04  lb/ln. 

Tho  fabric  strength  Is  38  lb/ln. ,  giving  a  large  margin  of  safsty.  Assuming  the  tapes  carry 
all  tho  stress  in  the  meridian  direction,  the  load  in  each  of  the  IB  tapes  at  the  equator  is 

b,.d2 

3.52ir  -  11.1  lb. 


The  strength  of  each  tape  is  30  pounds,  giving  a  margin  of  saiety  equal  to 


30 

11.1 


1  •  1.7. 


The  tapes  exert  radial  loads  on  the  ring  at  the  rear  fitting,  as  shown  in  Figure  39. 

The  ring  Is  Type  312  stainless  steel  annealed  tubing;  a  cross  section  is  shown  in  Figure  39. 
The  cross-sectional  area  is 

it/4  |(0.0625)2  -  (0.0385)2]  =  0.00191  in.2. 

The  tensile  stress  Is  28. 3/0. 00191  =  14, 800  pst.  Type  312  stainless  steel  hot  rolled  has  a 
yield  strength  of  45,000  psi  (Reference  It,  page  17),  and  the  yield  strength  In  the  annealed  condition 
Is  estimated  to  be  38,000  psi,  giving  a  margin  of  safety  of  38,000/14,800  -  1  =  1.71. 
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Figure  39.  Radial  Loads  at  Rear  Fitting 


2.  Langley  Unitary  Plan  Wind  Tunnel  (Second  Series) 

Six  models,  each  eight  Inches  In  diameter,  were  analyzed  (or  the  wind  tunnel  conditions 
presented  in  Table  6.  ModelB  throughout  this  section  are  Identified  the  same  as  in  Table  S. 

Each  model  had  Idas -cut  gores  seamed  together  along  the  meridian  of  the  model.  In  all 
cases  except  the  hemisphere,  which  has  no  outside  tapes,  the  goreB  were  butted  together  and  tapes 
were  cemented  Inside  and  outside.  The  outside  tape  on  the  cone  balloon  waB  N2582  nylon,  a  blus-cut. 
tape  with  a  strength  of  BO  lb/in.  tn  warp  and  (til  directions.  The  outside  tape,  where  used,  was  1/2- 
Inch  wide.  The  Inside  tape  In  every  case  was  a  3/4-inch  wide  atrip  of  Dacron  fabric  N337A15  cut  on 
the  bias.  The  outside  tape  on  Model  a  through  c  was  the  same  material,  also  cut  on  the  bias.  The 
straps  were  cut  from  the  same  fabric  as  the  goros,  with  the  warp  threads  running  lengthwise.  The 
straps  were  two  piles  In  thickness  and  l/4-tnch  wide. 

a.  General  Analyst  a.  Wind  tunnel  loads  during  «ipersonic  operation  arlBe  from  several  sources, 
as  Indicated  by  previous  experience  with  pressurized  and  ram-alr  models.  The  most  critical  condi¬ 
tion  appears  to  be  the  aerodynamic  pulsing  observed  In  the  ram-alr  models  (Reference  12).  Addi¬ 
tional  Instability  occurs  during  starting  or  stopping  the  tunnel,  when  the  air  flow  passes  through  the 
transonic  speed  range.  Instability  can  also  be  oncountered  during  steady-state  operation  of  the 
tunnel  If  the  drag  body  tn  close  enough  behind  the  lorebndy  to  be  affocted  by  its  turbulent  wake.  The 
above  loading  conditions  are,  of  course,  superimposed  upon  the  static  drag  loading,  which  ts  the 
only  desired  loading  condition.  The  static  loading  condition  is  also  the  only  one  that  can  be  predicted 
theoretically,  because  of  the  complicated  nature  of  the  various  types  of  Instability.  The  present 
models  are  therefore  designed  on  the  basts  of  the  static  loading,  and  large  margins  of  aafuty  are 
used  In  an  effort  to  obtain  a  satisfactory  operating  life  for  the  models. 

The  drag  Is  given  by  the  equation 

D  -  C0qiR2, 

and  the  pressure  at  any  point  Is  given  by  the  equation 

P  -  Cpq, 

The  margins  of  safety  (Tabic  5)  arc  defined  as  MS  -  stress  „hnr4,  nllowftW< 

*  7  '  applied  stress 

stress  -  .ultlmat*  stress,  .  allowablestrength  6ndappHe.3  8tres8  .  ,lnii,  stress. 

As  was  the  case  for  previous  tests  of  8-lnch  models  under  similar  flow  conditions,  the  analysis  of 
the  metal  parts  is  not  included. 
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Table  5.  Summary  or  Aerodynamic  Loading,  Fabric  Materials,  and 
Minimum  Margins  of  Safety 


MODEL 

DESCRIPTION  | 

!q 

AERODYNAMIC  DATA 
■  150  pul;  M  »  2.5  in  5.0) 

MATERIAL  PROPERTIES 

1 

MIN  MARGINS  OF  SAFETY 

<■!><'  > 

Cp(iirt) 

Cp(maN) 

Code  No. 

Muter  Ul ' 

„_J 

FU|(!) 

Fabric 

sirups 

IZjsm g 

igwrl 

Center 

Cord 

a 

tiO-deiU'ei*  Dal- 
lull'  wllh  It'llCO 

0.  730 

-u.  jsoUl 

1,H|(S) 

l.M«» 

o,  oo!5! 
0.0!, «» 

N337A15 

Dacron 

120 

100 

4,97 

1.22 

.... 

.... 

1) 

80 -decree  Dal* 

luir  wHI'ind 
feiH'C 

0.700 

■0. 

■  0.  |  JflWHO 

1  81 
l,72l0) 

o.oo|r,) 

0,  U&IO) 

N226A230 

Nylon 

180 

140 

7.35 

2.  33 

.... 

*  ’ 

c 

80-di'um'  lucked 
Du  1  lute 

0.700 

-0.  ICIoH  )<5I 

..0. 

1 . 81(5) 

1 . 72(0) 

0. 

0.06(51 

N337AI5 

Dacron 

120 

100 

4.60 

1  78 

.... 

0.61 

d 

Hemisphere 

0.9D0 

-o, 

-0.  100(f)(5) 
-O12O(0K(l 

" 

|.73<5) 

N337AI5 

Dacron 

120 

100 

3.45 

0.B9 

-0. 195 

.... 

c 

7&-deprer  ton*' 
Balloon 

0.870 

-0. 25013) 

... 

0. 72(5) 
0.7H<fl) 

N337AI5 

Dacron 

120 

1  100 

3.66 

.... 

1 

flO-deprer  Alr- 
mut  com* 

a.  no 

-0,030(5) 

-0.103(5) 

1 _ 

0.  BO(6) 

0.95(5) 

Airmai  (H 
_ 1 

re  Table 

L  _J 

2) 

0  44 

.... 

.... 

. 

NOTES 

(1)  KkjM'i  U'ri  itl  M  *  2. 5;  lower  vuIucn  ut  M  >  2  5  (4)  Wiihoul  Iwrlite  leurr. 

(2)  Minimum  tensile  MieniiUi  In  jn>uiu1m  per  inch.  (5)  Al  M  ■50 

(3)  Wllfi  luirhli'  fntfi'.  (6)  At  M  ■  2.5, 


During  tunnel  operation  the  maximum  dynamic  pressure  is  expected  to  be  150  psf.  Refer¬ 
ence  13  requires  that  the  models  bo  designed  with  n  factor  of  safety  of  four  based  on  the  ylold 
strength.  Because  fabrics  do  nut  have  a  yield  strength  in  the  same  sense  as  metals,  the  quick-break 
strength  is  used  in  determining  the  margins  for  the  fabric  components. 

b.  Analysis  of  Models  a  and  h.  Models  a  and  b  are  identical  in  design,  except  that  Model  b  does 
not  havo  n  burble  fence  and  different  fabrics  are  used  in  the  two  models  (see  Figure  40).  These 
modols  are  equipped  with  meririlnn  straps  which  run  the  full  length  of  the  Bnlluto.  At  the  nose  the 
straps  are  assumed  to  carry  tho  entire  drag  loud.  The  drag  la  given  by 

D  *  CjjqnH2 

D  -  (0.78)  (150/i44)rr(l8)  -  38,8  lb. 


The  load  in  each  of  the  eight  straps  at  the  nose  is  equal  to 


D 

8  cos  40° 


6.6  lb. 


On  Model  a,  each  strao  is  estimated  to  have  a  strength  of  about  60  pounds,  giving  a  margin 
of  safety  of  1. 31.  On  Model  b,  the  estimated  strap  strength  Is  90  pounds,  giving  a  margin  of  safety 
of  2. 46. 


The  contour  chape  of  the  rear  of  the  Ballute  has  been  designed  with  the  value  of  k  =  nTm/ 
PffR2  =  1/2  (Reference  14,  Figure  3A)  where  the  pressure,  P,  Is  estimated  to  be  2.06  q.  The  strap 
load  on  the  rear  la  then  equal  to 


P*p2  _  (2,06)  (150/144)  (g)  (IS) 
2n  "  (16) 


6.  75  lb. 


The  strap  margins  of  safety  are  1. 22  and  2.  33  for  Models  a  and  b  respectively. 
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BURBLE  FENCE  (b) 


The  Fabric  stress  for  this  contour  is  equal  to  PR/4  in  any  direction  over  the  rear  hall  of 
the  Ballute,  which  gives  a  stress  (or  this  condition  of 

~p  -  (2.08)  (160/144)  *  2.  14  Ib/ln. 

The  fabric  strength  for  Model  a  is  100  ib/ln. ,  giving  a  margin  of  safety  of  10.7.  For  Model 
b,  the  strength  is  140  lb/in. ,  and  the  margin  of  safety  is  lb.  3.  On  tho  Ballute  front  half,  the  largest 
stress  occurs  at  the  base  of  the  conical  surface  at  a  radius  of  3. 38  inches.  The  hoop  stress  in  the 
fabric  is  equal  to  P(3.  38)/cos  40°  where  P  is  tho  pressure  difference  across  tho  front  half  of  the 
Ballulu,  which  is  estimated  to  bo  O.fllq,  The  fabric  stress  is  therefore 

-  4. 19  tb/in. 

The  margin  oi  safety  for  Model  a  Ih  4.  87,  and  for  Model  b  tho  margin  is  7, 36. 


c.  Analysis  of  Model  c  (Figure  41).  The  rear  surface  of  the  Ballute  is  designed  so  that  the  strap 
load  (for  all  eight  straps  together)  is  equal  to  0. 4  Ptrtt2  (Reference  !  4,  Figure  4A);  the  pressure 
pattern  is  the  same  as  for  Models  a  and  b.  The  load  In  each  strap  in  therefore 
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The  margin  of  safety  Is  1.78.  The  load  In  the  center  cord  Is  0, 3PirR®  ■  31.0  pounds.  The 
center  cord  Is  composed  of  two  strands  of  M1L-C-5040A  (ASG),  Type  I  cord  with  a  strength  of  100 
pounds/strand  (Reference  15).  The  margin  of  safety  is  0. 61 . 

At  the  nose  the  portion  of  the  load  carried  by  the  meridian  straps  is  equal  to  the  drag  minus 
the  center  cable  load,  or 

30.8  =  31  =  8.8  lb. 

The  load  in  each  strap  is  (8. 8)/(8  cos  40°)  ■  144  pounds,  and  the  margin  of  safety  Ls  9. 4. 
The  radius  at  the  base  of  the  conical  nose  portion  is  3.6  inches.  The  hoop  stress  at  this 

point  is 

_3. 6P_  .  (3.6)  (0.91)  (150/144)  .  4  48  ,b/tn 
cos  40<>  0. 766 

The  margin  of  safety  is  100/(4. 45)  (4)  -1  =  4.6.  The  rear  surface  is  designed  ior  a  fabric 
stress  of  0, 15  PR  ■  (0. 15)  (150/144)  (2. 06)  (4)  ■  1. 20  lb/in.  The  margin  of  safety  1s  larger  than  at 
the  front. 


Figure  42.  Second-Series  Wind  Tunnel  Model  d 


d.  Analysis  of  Model  d,  The  hemisphere  modal  (Figure  42)  is  a  closed  pressure  vessel  with  a 
hemispherical  nose  and  a  rear  surface  from  which  the  drag  load  is  transmitted  to  the  main  cable. 
The  rear  surface  is  tailored  to  a  profile  shape  which  produces  zero  hoop  stress;  all  the  pressure 
load  Is  carried  by  the  meridional  elements  (Reference  14,  Figure  6A).  In  order  for  such  a  shape  to 
be  stable  under  pressure,  there  must  be  an  infinite  number  of  meridional  elements.  If  there  is  not 
an  Infinite  number  of  meridional  elements,  there  must  be  a  finite  radius  of  curvature  in  the  fabric 
between  the  meridional  elements,  producing  a  fabric  stress  in  both  directions.  The  tailored  shape 
is  therefore  unstable  under  pressure,  and  the  meridional  cross  section  tends  to  become  more  circu¬ 
lar  than  the  tailored  shape.  In  this  case  there  are  16  meridional  straps  made  of  material  much  stll- 
fer  than  the  gore  fabric.  The  equilibrium  shape  ls  therefore  slightly  different  from  the  tailored 
shape,  resulting  In  a  small  fabric  stress  (smaller  than  in  the  spherical  nose  section)  and  a  meridian 
strap  load  smaller  than  the  theoretical  value.  It  is  therefore  conservative  to  design  the  straps  with 
the  assumption  that  they  carry  all  the  pressure  stress  and  to  choose  tne  fabric  on  the  basis  of  the 
stresses  in  the  spherical  nose. 

The  drag  is  given  by 

D  =  CrxpiR2  =  (0.9)  (150/144)  (?)  (16)  =  47.0  lb. 
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The  internal  pressure  is  arbitrarily  ctoBen  such  that  the  quantity  D/P*Ra  «■  1/8.  This  gives  Coq/P 
»  1/3,  or  using  Cjj  -  0.9,  P  a  9.7  and  q  ■  3.81  psl.  The  maximum  fabric  stress  is  PR/2  °  5.62 
lb/in. ,  giving  a  margin  of  safety  of  100/(5. 02)  (4)  -1  =  3. 45.  The  load  in  each  strap  is  PvR^/lfl  = 
2.81»  a  8.85  pounds.  The  strength  of  each  strap  is  60  pounds,  giving  a  margin  of  safety  of 
60/(8.85)  (4)  -1  -  0.69. 

On  page  3?  the  rear  ring  wan  found  to  have  a  tensile  stress  of  14, 800  psi  with  a  strap  load  of 
11.1  pounds.  As  the  ring  in  this  model  is  Identical  with  the  previous  one,  the  stress  can  be  obtained 
merely  by  multiplying  by  the  ratio  of  the  loads: 

(8.85/11.1)  (14.800)  -  11, 800  psi. 

The  margin  ot  safety  is  38, 000/(  11, 800)  (4)  -1  >  -0. 195.  Although  the  margin  is  negative, 
the  factor  of  safety  Is  still  greater  than  three  (6. 35  versus  the  estimated  ultimate  strength  of 
75, 000  psl),  and  the  strength  Is  therefore  considered  adequate. 

e.  Analysis  of  Model  e.  The  cone  balloon  is  also  a  closed  pressure  vessel,  consisting  of  a  coni¬ 
cal  nose  section  tangent  to  a  spherical  aft  sectloi  (see  Figure  43).  The  model  is  seamed  together 
from  bias-cut  gores  with  bias  tapes.  At  the  nose  the  fabric  is  clamped  to  a  metal  nose  cone,  to 
which  the  main  cable  is  attached. 


The  meridian  stress  hi  the  fabric  at  the  nose  is  obtained  by  summing  forces  on  the  nose 

cone: 


D  ■  2»rfj  cos  35° 
D 

"  1*r  cos  38°  “ 


(ojm  (18Q/1  **}t m 

2f(0. 83)  (0.819) 


10.7  lb/ln. 


where  r  is  the  radius  of  the  nose  cone.  At  the  nose  the  seam  tapes  cover  the  full  circumference  of 
the  balloon.  The  total  fabric  strength  is  then  (2  x  50)  +  100  =  200  It)/ in.  The  margin  of  safety  is 
200/(10.7)  (4)  -1  =  3.66. 


The  highest  pressure  on  the  front  of  the  balloon  is  estimated  to  be  0.78q  =  0. 812  psi.  An 
internal  pressure  of  2  psi  should  tv  sufficient  to  maintain  the  shape  of  the  balloon.  The  highest  hoop 
stress  occurs  at  the  base  of  the  conical  nose  section,  at  a  radius  of  R  cos  35  degrees.  The  stress  is 

8  lb/ln. ,  giving  a  margin  of  100/(8)  (4)  -1  «  2. 13. 

The  fabric  stress  in  the  spherical  part  is  PR/2  =  4  lb/in. ,  which  is  less  than  the  stress  In 
the  noBe  section. 
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f.  Analysis  of  Mode!  f  (Figure  44).  The  Airmat  cone  was  analysed  in  the  first  series  of  tests  for 
similar  loading  conditions.  In  that  analysis  the  maximum  stress  was  found  to  be  6,6  Ib/in.  for  the 
80-degree  cone,  giving  a  margin  of  safety  of  30/(6, 6)  (4)  -  1  «■  0. 44. 


Figure  44.  Second -Series  Wind  Tunnel  Model  f 


3.  Arnold  Tests 

a.  General.  The  analysis  included  three  10-inch-diameter  wind  tunnel  mode  In  and  the  model 
support  sting.  The  three  models  included  one  inflatable  model  made  of  coated  metal  fabric,  one 
rigid  model  designed  for  pressure  measurements,  and  one  rigid  model  designed  for  temperature 
measurements.  All  three  models  wcro  tho  80-dcgroc  plain  Ballute  configuration  and  were  analysed 
for  tho  following  critical  wind  tunnel  conditions: 


Mach  number  ■ 

Dynamic  pressure  ■ 

Drag  coefficient  ■ 

Interna!  pressure  coefficient  = 

Rear  pressure  coefficient  ■ 


10.25 
2,  24  psl  - 
0,7  -  Cn 


1,86 

0  »  C 


e. 


pi 


Pr 


The  fabric  gores  of  tho  inflatable  model  wero  bias-cut,  seamed  along  the  meridians  or  the 
Ballute,  and  equipped  with  meridian  cables  which  run  the  full  length  and  were  gathered  at  the  front 
and  rear  by  metal  rings. 

Various  types  of  loads  to  which  the  models  were  subjected  in  supersonic  operation  arc  dis¬ 
cussed  in  the  second  series  of  Langley  tests. 

During  tunnel  operation  the  drag  is  given  by  the  equation 

D  »  C'DqtrR2, 

and  the  pressure  at  any  point  on  the  drag  body  is  given  by 
P  =  Cpq. 

The  margins  of  safety  (Table  8)  arc  defined  as 

Mg  =  .allowable  stress^  where  aIlowabIe  8tress  „  ultimatejrtresjL.  . 
limit  stress  FS 

Reference  18,  page  712,  prescribes  a  factor  of  safety  of  5  based  on  the  ultimate  strength  or  2  based 
on  the  yield,  whichever  ts  more  critical.  In  all  cases  herein  the  ultimate  strength  condition  governs, 
except  where  otherwise  stated. 
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Table  6.  Minimum  Margins  o(  Safety  (Based  on  Ultimate  Loads) 


DESCRIPTION  OF 
STRUCTURAL 
COMPONENTS 

MARGIN 

OF 

SAFETY 

Metal  Cloth  Drag  Model 

Meridian  Cables 

Main  Cable 

Fabric 

Nose  Piece 

0.00 

Rigid  Temperature  Model 

Shell 

Large 

Screws 

0.15 

Rigid  Pressure  Model 

Mounting  Sleeve 

0.94 

Rear  Wall 

0.22 

Model  Support  Sting 

Strain  Link 

0.24 

Side  Walla 

0. 13** 

•Satisfactory  to  AEDC  personnel. 

••Refer  to  SF3e  for  discussion  of  yield  margin. 


b.  Analysis  of  Metal  Cloth  Drag  Model.  The  drag  on  the  modol  (Figure  45)  under  the  critical 
wind  tunnel  conditions  Is 

D  -  CoqrR2  -  (0.7)  (3.34)  (35s)  -  133  lb. 


Figure  45.  Metal  Cloth  Drag  Model 
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II  there  are  eight  meridian  cables,  the  load  In  each  one  is 


D 

8  cos  40° 


20. 1  lb. 


at  the  nose  of  the  Ballute.  On  the  rear  half  the  cable  loads  and  fabric  stresses  are  determined  by  the 
pressure  difference,  P,  and  the  profile  shapo.  In  this  case  the  Ballute  is  designed  with  a  rear  pro¬ 
file  shape,  which  gives  a  total  cable  load  equal  to  0. 5  PtrR2  and  a  fabric  stress  of  PR/4.  (Deriva¬ 
tion  of  the  profile  shape  is  given  In  Reference  14, )  The  pressure,  P,  is  1.85  q  =  4. 15  psl  during 
Steady -state  operation.  The  load  in  oach  cable  is  then 

(0. 5)  (4. 16)  (26ff)  a  go  3  pQUnC|S  p,  the  rear  half  of  the  Ballute,  and  the  fabric  stress  is 


(4. 15)  (5) 


■  5.19  lb/ln, 


The  fabric  is  estimated  from  tests  run  at  GAC  to  have  a  strength  of  30  lb/ln.  at  1400°F. 
The  margin  of  safely  Is 


■n#  . 

(5)  (5. 19)  "l  “  0tl6- 


Tensile)  tests  have  also  been  run  on  the  meridian  cables  al  room  temperature,  yielding  a 
value  of  102  pounds,  The  meridian  cablo  strongth  Is  estimated  to  be  74.5  pounds  at  1400°F,  and  the 
main  cablo  strength  Is  070  pounds.  The  margins  of  safoty  uro  -0,265*  and  0.09  respectively. 

In  the  wind  tunnel  tho  Ballute  was  to  have  boon  doployed  a  distance  of  4  Inches  behind  the 
payload  In  free  fall.  From  there  the  actuator  was  used  to  move  tho  Ballute  to  a  total  distance  of  12 
Inches.  During  deployment  It  is  assumed  that  tho  model  doeB  not  have  time  to  Inflate.  The  drag 
area  Is  therefore  equal  to  the  uvea  of  the  throo-tnch-dlnmctor  disc  on  the  rear  of  the  Ballute.  Tho 
drag  is  equal  to 

D  ■  (1)  <2.24)ir/4(3)2  >  16.8  lb, 

assuming  a  drag  coefficient  of  1.  Tho  energy  applied  to  tho  Ballute  Is  then  (15.8)  (4)  «  63.  2  ln-lb. 
The  main  cablo  must  absorb  this  onorgy  by  stretching  under  the  snatch  load  that  occurB  when  the 
cable  is  fully  payed  nut.  Tho  main  cablo  is  composed  of  49  sluals  of  0.0104-lnch-dlameter  Ronrf 
41  wire.  The  cross  section  urea  Is  (49)  (u/4)  (0.0104)2  =  41.6  x  10_4in.  2.  The  modulus  of  elasti¬ 
city  of  this  cablo  is  assumed  to  be  similar  to  that  of  carbon  steel  cable  (Reference  11,  page  241). 

A  value  of  14,000,000  psl  is  used.  Using  a  total  cable  length  of  82  Inchon,  the  elongation  of  the 
cable  under  load,  P,  1b 


— m - r-  1.41x10-3  P. 

(14  x  10®)  (41.6  x  10'4) 


The  strain  energy  Is  equal  to  PA//2  >  0. 705  x  10"3  P2.  This  energy  Is  equated  to  the  Bal 
lute  kinetic  energy: 

0.705  x  10’3  P2  »=  83,  2 
or 

P  =  300  lb. 


The  room  temperature  strength  of  thin  cable  is  estimated  to  be  920  pounds,  giving  a  mar¬ 
gin  of  safety  of  -0. 38.  * 

•Although  a  negative  margin  Is  obtained,  the  safety  factor  is  greater  than  3,  and  the  strength  Is  felt 
to  be  adequate  by  AEDC  personnel  since  a  possible  failure  of  these  lightweight  models  would  not  be 
detrimental  to  the  operation  of  the  tunnel. 
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At  the  rear  of  the  Bollute  the  fabric  is  clamped  between  two  metal  rings  by  eight  No.  4 
screws.  The  root  area  of  each  screw  is  0. 0065  in. «  {Reference  17.  page  165),  giving  a  total  area  of 
0.052  in. a.  The  screws  are  Type  316  stainless  steel,  which  has  a  room  temperature  strength  of 
85,000  psi  tension.  If  these  screws  are  tightened  to  only  10,000  psi,  they  exert  a  total  load  of  520 
pounds.  Assuming  a  coefficient  of  friction  of  0. 3,  the  radial  fabric  load  required  to  cause  slippage 
Is  (520)  (2)  (0. 3)  =  312  pounds.  The  fabric  Btrese  times  the  clrcumferoncc  at  tho  clamp  is  (3. 42 
lb/in. )  (2.  376win, )  -  25. 5  pounds.  There  are  large  margins  of  safety  on  both  the  screw  stress  and 
the  clamp  friction. 


Figure  46  shows  part  of  the  cross  section  of  tho  nose  fitting.  The  load  Is  applied  through 
the  ball  on  the  main  cable  to  the  rear  of  the  noso  fitting.  The  rear  face  of  the  nose  fitting  can  be 
conservatively  analyzed  as  a  circular  plate  simply  supported  at  the  outer  edge  and  loartori  hy  shear 
around  the  center  hole.  This  is  caae  1,  page  82,  of  Reference  18,  which  gives  a  table  of  values  of 
the  constant  k  for  uae  in  the  equation 

a  mar.  "  (Reference  18) 

where  o  max  is  the  maximum  bending  stress,  q  the  shear  per  unit  length,  a  the  outer  radius,  and  h 
the  plato  thickness.  The  timer  radius  is  dofined  as  b.  For  this  cRse  a  ■*  0.  562  Inch,  b  -  0. 172  inch, 
h  ■  0. 125  Inch,  and  k  is  estimated  to  be  1.96.  Using  the  drag  of  123  pounds,  (Reference  18) 

q  H4.0  lb/ln. 


The  maximum  stress  is  then 


c  -  (1.05)  (114)  (0.  562)a 
max  (o,~i25)2 


4500  psi.  (Reference  18) 


.  The  0086  plece  18  made  of  Ty.Pe  321  stainless  steel,  with  a  tensile  strength  of  29,000  psi  at 

1 400°F.  (Reference  19;  page  73,  700°F  -  1200°F  part),  the  margin  of  safety  is  0.28. 


The  outer  flange  of  the  nose  piece  is  used  to  clamp  the  fabric  in  place.  The  fabric  stress 
was  previously  found  to  be  5.  tfl  ib/ln.  At  the  outer  diameter  of  the  flange,  this  gives  a  total  fabric 
load  in  the  meridian  direction  of  (5. 19)  (2. 34 )tt  =  38. 2  pounds.  Assuming  a  coefficient  of  friction  of 
0. 3,  the  required  normal  force  to  prevent  slippage  is  38. 2/(0.  3)  (2)  =  63. 5  lb. 
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Using  a  (actor  o(  2  on  the  normal  force,  the  actual  load  la  127  pounds,  For  purposes  of 
analysts  the  flange  load  la  assumed  to  be  resisted  entirely  by  bending  ot  the  necked-down  portion,  as 
though  the  flange  were  a  series  of  radial  strips.  The  resultant  of  the  flange  load  acts  at  approxi¬ 
mately  the  diameter 

■^£3  +  2.  34  =  2, 10  m. ,  and  the  load  per  unit  length  Is 


127 

SU9jt 


IB.  45  lb/in.  The  moment  arm  of  the  resultant  about  the  necked-down  section  Is 


^2^aln  40°^  *  0.0804  =  0.204  Inch,  and  the  bending  moment  is  (18.46)  (.204)  =  3.77  in, - 
lb/ln.  The  section  modulus  per  unit  width  1b 

J_  .  _  J__ _ l —  in  3 

c  (8)  (18)^  1536  m 


at  the  necked-down  section.  The  bending  stresa  1b  (1638)  (3.77)  •  6780  psl,  giving  a  margin  of 
safety  of 


29,000  , 

(6)  (6780)“  "l 


=  0.00. 


To  allow  for  Inflation  of  the  Ballutc,  16  equally  spaced  holes  arc  cut  In  the  cylindrical  sec¬ 
tion  of  the  nose  piece.  The  webs  between  the  holes  then  act  as  fixed  ended  columns  through  which 
the  drug  load  Is  transmitted.  The  web  cross  section  :1s  shown  In  Figure  47. 


Figure  47.  Web  Cross  Section 


The  cross  suction  area  is  approximately 

(0. 004)(-— 84--^  »  0,0068  In. 3,  and  the  compressive  stress  Is 

123 

Til)  (0.  0098)  ’  840  psl' 


The  cross  section  properties  can  be  conservatively  obtained  by  neglecting  the  taper  and  treating  the 
webs  as  though  they  were  rectangular  In  section,  0.0846  x  0.094.  The  minimum  moment  of  inerttn 
is 


(0.004)  (0  084813 

.  ^  — 


4. 74  x  10“ft  lu.4. 


The  load  on  the  rectangular  section  is 


(840)  (0.094)  (0.0846)  =  6.70  lb. 
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The  equation  {or  the  critical  load  on  a  fixed-  ended  culumn  (Reference  20)  la 

Pr 


4t2K1 


■  cr 


2 


Because  the  ends  of  the  column  are  free  to  displace  laterally,  however,  the  length, /,  must  be  twice 
the  actual  length  of  0. 375  Inch.  The  critical  load  thus  obtained  Is 


p  B  jj*  (30x108)  (4  74x10-6)  .  M80  lb. 

(0. 75)“ 

The  margin  of  safety  In  buckling  Is  very  large. 

c.  Analysis  of  Rigid  Temperature  Model.  The  temperature  measurement  model  (Figure  48)  la 
fabricated  from  0,050- Inch  Brainless  steel  sheet  and  la  supported  at  each  end  of  the  model  by  a  shaft 
passing  through  the  center.  At  the  front  support  the  cross  section  profile  is  at  40  degrees  to  the 
center  line,  whereas  at  the  rear  the  profile  Is  nearly  perpendicular  to  the  center  line.  Because  the 
front  support  Is  much  stlffer  under  axial  loads  than  the  rear,  the  entire  drag  load  Is  assumed  to  be 
carried  by  the  front.  The  radius  at  the  welded  joint  between  the  skin  and  the  nose  plug  Is  one  Inch. 
Using  the  same  value  of  drag  (123  pounds)  as  for  the  metal  cloth  drag  model,  the  tensile  Btress  la 

S  =  (2s)  (0.050)  cos  400  °  611  PHl' 


Figure  48.  Rigid  Temperature  Model 


At  1400°F  the  strength  of  321  stainless  steel  is  29,000  psl.  (Reference  19,  page  73,  700°  - 
1200°F  part).  The  margin  of  safety  Is  large. 

The  maximum  Internal  pressure  1b  estimated  to  be  4. 15  psl.  Again  neglecting  the  load 
picked  up  at  the  rear  support,  the  entire  pressure  load  is  assumed  to  be  carried  by  8  No.  4  Type  316 
stainless  steel  screws  holding  the  front  and  rear  halves  together.  The  total  pressure  load  Is 

(4.15)  (25ir)  =  326  lb. 

The  shear  load  In  each  screw  Is  326/8  =  40.  B  pounds,  and  the  shear  area  is  0.0065  In.  2 
(Reference  17,  page  165).  The  shear  stress  is  40,8/0,0085  *  6260  psl.  The  tensile  strength  of  each 
screw  la  61,000  pst  at  1200°F  (Reference  19,  page  61,  700°F  to  1200°F  section).  Estimating  the 
shear  strength  to  be  0. 8  of  the  tensile  strength,  the  margin  of  safety  is  0. 16. 

d.  Analysis  of  Rigid  Pressure  Model.  The  pressure  measurement  model  (Figure  49)  Is  also 
sting-mounted,  but  is  supported  entirely  at  the  rear.  A  sleeve  is  welded  to  the  back  half  of  the 
model,  allowing  It  to  thread  Into  the  sting.  For  purposes  of  determining  the  weight,  the  model  can 


ASD-TDR-62-702  Pt  TT 


48 


figure  49.  Rigid  Pressure  Model 


be  approximated  by  a  sphere.  The  area  is  4rR3  ■  314  in.  2,  and  the  volume  la  (314)  (0. 378)  » 
117.8  in.  2.  The  weight  is  approximately  (117.8)  (0.338  lb/in.3)  -  33.6  pounds.  When  positioning 
the  model  in  the  tunnel,  the  sting  assembly  can  receive  a  maximum  ot  2g's  loading  vertically.  As¬ 
suming  the  eg  is  located  8  Inches  in  front  o(  the  support  joint,  the  moment  on  the  welded  sleeve  is 
(33. 6)  (2)  (5)  -  336  in.  -ib.  The  weakest  cross  section  is  shown  in  the  following  sketch: 


The  moment  of  inertia  of  this  cross  section  is 
I  .  -  jl/jjll.  „  0,0700  in.  4 

Tho  bending  stress  is 
■ 2880  PB1, 

The  sleeve  material  is  Type  321  stainless  steel,  with  a  tensile  strongth  of  29,000  psi  at  1400°F 
(Reference  19,  page  73,  700°  to  1200°F  part).  The  margin  of  Bafety  is  0.94. 

The  bending  moment  of  336  in.  -  lb  must  also  be  carried  by  tho  roar  wall  of  tho  Ballutu 
model.  It  can  be  conservatively  assumed  that  the  moment  is  carried  only  by  a  one-inch-wide  strip 
of  the  rear  wall,  as  shown  in  Figure  80. 


f  \336  IN. -LB 


ASD-TDR-62-702  Pt  II 


49 


The  maximum  moment  in  the  atrip  is  336/2  »  163  in.  -ib.  The  strip  cross  section  is  shown 
in  the  fallowing  sketch: 


The  section  modulus  is 


_1_«  ,t?i  376)3  =  0  oa34  j,,  3> 

and  the  bonding  stress  is  166/0. 0234  «  7180  psi.  The  material  is  Type  321  stainless  steel,  with  a 
tensile  strength  of  44,000  pal  at  120O°F  (Reference  19,  page  73,  700  to  1200°F  part).  The  margin 
of  safety  is  0. 22. 

Under  the  direct  drag  load  the  rear  half  of  the  model  can  be  approximated  by  a  flat  circular 
plate  with  a  rigid  plug  at  the  center.  This  is  case  8,  page  62,  Reference  18.  2a/2b  =  10/1.75  ■ 
5.72.  k  is  estimated  to  be  1.9.  The  maximum  stress  is  therefore 


°max 


whore  q 


D  123 

■TiS-  "  W 


3.92  lb/ In. 


°  mux 


(1.9)  (3.  98)  (25) 

(o.mj1 


1320  psi. 


The  2-g  loading  condition  analyzed  previously  gave  a  bending  stress  of  7180  psi,  Under  1-g 
the  stress  is  7180/2  ■  3590  psi.  Adding  this  to  the  stress  from  the  drag  load,  the  total  is  4910  pBl, 
which  is  less  than  the  stress  under  the  2-g  condition. 

The  front  and  rear  halves  of  the  pressure  model  are  held  togethor  by  Bix  cap  screws  angled 
ill  35  degrees  to  the  center  line.  The  screws  are  1/4-20-NC  and  are  made  of  Type  316  stainless 
a  tael. 


The  total  pressure  load  at  tho  equator  Is  approximately 

(4.15)  (4.84)a*  -  278  lb. 

Subtracting  tho  drag,  the  total  load  carried  by  the  screws  Is  278  •  123  «  165  pounds.  The 
load  In  each  one  is  then  19. 4  pounds.  This  load  has  a  tension  component  of  19. 4  cos  35°  »  15. 9 
pounds  and  a  shear  component  of  19.  4  sin  35°  =  11.1  pounds.  The  stress  area  of  this  screw  Is 
0.0317  In.  2  (Reference  17,  page  185),  giving  a  tensile  stress  of  501  psi  and  a  shear  stress  of  351 
psi.  Tho  margin  of  safety  Is  very  large. 

e.  Analysts  of  Model  Support  8 ting.  Figure  51  shows  the  model  support  Bting  with  the  weights  and 
dimensions  of  the  various  sections.  The  2  g  vertical  loading  condition  produces  bending  moments  In 
the  sting  due  to  the  weights  and  moment  arms  shown.  If  it  is  assumed  that  only  the  side  walls  are 
effective  in  bending  at  the  Joints,  the  critical  sections  are  the  two  Joints  at  the  rear  of  the  sting.  The 
section  modulus  of  the  two  sidewalls  together  is 

,  ,.3M 

The  maximum  bending  moment  is  (2)  (6  +  5)  (81.5)  +  (2)  (80)  (30-3/4)  =  6280  in-lb,  and  the 
bending  stress  Is  8280/1. 309  •=  4790  psi.  The  material  is  Type  321  stainless  steel,  with  a  tensile 
strength  of  78,000  pBi  at  200° F.  The  margin  of  safety  is  large. 
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5  LB 


During  tunnel  operations  it  was  anticipated  that  the  model  could  be  deflected  as  much  as  16 
degrees  to  the  side,  applying  a  side  thrust  to  the  sting.  This  side  component  Is 

123  sin  16°  =  31,8  lb 

and  la  applied  approximately  3  Inches  behind  the  shear  center  of  the  airfoil  strut.  The  torque  on 
this  strut  Is  (31.8)  (3)  ■  95, 4  in-lb.  The  cross  section  dimensions  are  shown  in  Figure  52. 


The  enclosed  area  Is  approximately  (3/8)  (5-7/8)  =  2.  2  In.2,  and  the  torsion  shear  stress 
Is 

(2)  <2  2 HO  083)'  “  345  psl'  The  mar8in  ot  ^atety  is  very  large. 

The  bending  moment  on  the  airfoil  section  from  the  side  thrust  is  (31.8)  (18)  =  575  in.  -lb. 
The  moment  of  Inertia  about  the  x  x  axis  can  be  conservatively  estimated  by  assuming  all  the  ma¬ 
terial  Is  concentrated  at  a  point  midway  between  the  axis  of  symmetry  and  the  outer  liber.  Thus 
Ix-x  ■  (2)  (8)  (1/10)  (0.218)2  =  0.0356  in.  and  the  bending  stress  is 

The  margin  of  safety  Is  (^(^qsqP  '•  =  5  ■  21  ■ 
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The  support  Bting  Is  equipped  with  a  pressurized  system  of  passages  through  which  water 
flows  for  cooling  during  tunnel  operation.  The  highest  pressure  stresses  occur  In  the  six- Inch  side 
wall  of  the  lower  beam,  which  has  the  largest  Bpan  of  unsupported  wall.  The  side  wall  is  equipped 
with  a  row  of  1/4-inch-dlameter  rods  spaced  evenly  between  the  edges  of  the  wall.  The  rods  arc 
3-1/2  Inches  apart.  The  side  wall  can  be  conservatively  analyzed  as  a  large  sheet  supported  by  the 
rods  spaced  as  shown  in  Figure  S3. 

1/4"  DIA  RODS 

y 

[  O'  O  IN, 


b  -  3- 1/2 

K 

Figure  S3.  Rod  Spacing 


The  wall  is  loaded  by  a  uniform  pressure  of  25  pBl  as  shown  in  Figure  54.  The  problem  is 
discussed  in  detail  In  Reference  IS,  page  24S.  In  this  case  b/a  »  (3~l/2)/(3)  »  1.168. 


0.109 


J 

L 

I— "  H 

P  S  262.5  LB  - 

j 

1  r  ~  >  tt 

25  PSI 

Figure  54.  Wall  Loading 


The  table  on  page  240  of  Reference  18  gives  fi  -  0.0226,  /ij  »  0.0359.  The  moment,  My, 
at  the  center  of  the  panel  is  the  larger.  Its  value  Is 

My  -  (0.0369)  (26  psl)  (3-1/2)2  =  11  in. -lb/in. , 

and  the  bending  stress  Is  (8)  (ll)/{0. 109)^  u  5500  psl.  Using  ihe  conservative  value  of  the  ultimate 
strength  of  78, 000  psl  at  200°,  the  margin  of  safety  is  large. 

At  the  support  points  the  moments  Mx  and  My  are  given  by  Reference  18,  Equations  (157), 
page  H9.  M„  lathe  larger.  The  values  substituted  are  q  =  25  psl,  a  =  3,  b  =  3-1/2,  e  =  1/8, 

*1  a  0.384,  yg  «  0.118,  v  ■  0.  3,  $  =  a/2.  Using  these  valueB, 

Mx  =  66  in.  -Ib./tn. 

A  first  approximation  to  a  limit  design  analysis  indicates  that  the  maximum  ultimate  moment  (5.0 
times  the  applied  moment)  would  l>e  6.0  (66  +  11)  (1/2)  =  192. 5  in.  -lb/in.  The  modulus  of  rupture 
of  annealed  Type  321  stainless  steel  at  200UF  is  at  least  78,000  a  1.4  =  109,000  psi.  (Since  the 
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rectangular  section  shape -factor  for  a  ductile  material  is  close  to  1.5.)  The  corresponding  "stress' 

is 


HMjA  »  e6|  300  pal, 
(0.109)a 


which  gives  a  margin  of  safety  of 


109000  , 

96300 


0.13. 


Yield  loads  would  cause  only  local  yielding  at  the  posts  -  no  general  yielding. 

The  strain  link  assembly,  located  in  the  lower  arm  oi  the  strut,  receives  twice  the  load 
that  is  produced  by  the  drag  device,  or  {2)  (123)  «  246  pounds.  The  strain  link  itBelf  is  a  strip  of 
Type  921  stainless  steel  1/2- Inch  Inch  wide  by  0.036-inch  thick.  The  tensile  BtreBB  Is 

246 

“To.sTTo.olfl)' "  13'88°P<“' 

The  tensile  strength  of  Type  321  stainless  steel  Is  85, 000  psi  at  room  temperature  (Refer¬ 
ence  19,  page  73,  700  to  1200°F  part),  giving  a  margin  of  safety  of  0.24. 

The  strain  link  Is  welded  to  the  end  plate,  which  Is  attached  to  the  side  plates  by  means  of 
four  No.  8-32  flat-head  screws.  The  end  plate  can  be  conservatively  analyzed  as  a  fixed  end  beam 
with  dimensions  shown  in  Figure  56. 


(244)  (3.031) 
3 


246  LB 


IN. -LB 


V 


G 


123  LB 


123  LB 


'  3.03 1 


(246)  (3.031)  |Ni.L, 

V  8 

j  □  r1”  °.«8 


—  0.201 


Figure  55.  Radial  Loads  at  R«ar  Fitting 


The  seel  ion  modulus  is 
.1..  0.008MB.’. 


The  maximum  bending  moment  is 


931 

0,00895 


10 


=  93. 1  In,  -lb.  The  bending 
,400  psi,  and  the  margin  of 


stress  is 
safety  is  0.03. 


2 

The  four  No.  8-32  screws  have  a  stress  area  of  0.0139  in.  each.  The  screws  are  In 
double  shear,  giving  a  total  area  of  (8)  (0. 0139)  =  0.111  in.2.  The  shear  stress  Is  163/0.  Ill  = 
1, 470  psi,  and  the  margin  of  safety  is  large. 


The  pulley  pin  Is  a  3/15-diameter  slotted  spring  steel  pin  (MS  16562)  having  a  strength  in 
double  shear  of  4400  pounds.  Its  margin  of  safety  is  large. 
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0,  SUBSONIC  WIND  TUNNEL  TESTS 


Wind  tunnel  tests  of  the  moat  promising  drag  models  were  conducted  in  Goodyear  Aircraft 
subsonic  wind  tunnel  prior  to  the  testing  of  the  Identical  models  in  the  NASA  Langley  Unitary  Super 
sonic  wind  tunnel.  The  purpose  of  these  subsonic  testa  were  as  follows: 

(1)  Obtain  drag  coefficient  data  at  M  *  0. 3. 

(2)  Observe  towed  stability. 

(3)  Proof  load  wind  tunnel  models. 

Figure  56  shows  a  model  in  GAC's  subsonic  tunnel.  Data  obtained  is  given  in  Table  ?. 


Table  7.  Subsonic  Performance  Data 


DATE 

TYPE  OF  MODEL 

DYNAMIC 

PRESSURE 

(ID/ft*) 

0D 

PERFORMANCE 

Jan  1061 

76°  cone  balloon  with  6.  3% 
fence 

73 

0.57  -  0.61 

Coning  ar  5°;  stable. 

Jan  1061 

7bu  Ballute  with  H.  a%  fence 
(open-front  inlet) 

73 

0.56 

Coning  2  5°;  stable. 

May  1081 

100°  Ballute  with  6. 35% 
fence  (open-front  Inlet) 

GO 

0.70-0.73 

Coning  ■  10°. 

May  1061 

Sphere  with  6. 25%  fence 

60 

0.59  -  0.03 

Coning  less  than  4°; 
stable. 

May  1981 

80°  Atrmat  cone 

60 

0. 57  -  0. 70 

No  coning;  stable. 

May  1061 

100°  Alrmat  cone 

ao 

0.66  -  0.75 

Coning  Iobs  than  3°; 
stable. 

May  1061 

80°  Ballute  with  6. 35% 
tenco  (open  front  Inlet) 

0.  50 

Coning  less  than  8*>; 
stable. 

May  1961 

Torus  and  curtain 

80  | 

0.85 

Coning  ■  18°. 

Figure  58.  Seventy- Five  Degree  Cone  Balloon  with  6. 3-Percent  Fence  in  GAC  Subsonic  Tunnel 
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SECTION  4 


SUPERSONIC  WIND  TUNNEL  TESTS  AT  NASA 
LANGLEY  RESEARCH  CENTER 


A.  GENERAL 

The  primary  objective  of  those  tests  was  to  obtain  drag  and  stability  characteristics  of  the 
various  towed  configurations  throughout  the  supersonic  speed  range. 

The  tests  were  conducted  in  the  Langley  Unitary  Plan  wind  tunnel,  which  is  a  variable- 
pressure,  return-flow  tunnel.  The  tunnel  has  two  test  sections  4  feet  by  4  feet  square  and  approxi¬ 
mately  7  feet  long.  The  nozzles  leading  to  the  test  sections  are  asymmetric  slidlng-block-type 
nozzles,  and  the  Mach  number  may  be  varied  continuously  through  a  range  from  1 . 57  to  2. 87  in  one 
test  section  and  from  2. 30  to  4.66  in  the  other.  Reference  13  gives  further  details  of  the  tunnel. 
Spark  Schlteren  photographs  were  taken  for  qualitative  flow  observations.  High-speed  Schlleren 
movies  were  taken  to  observe  both  flow  and  dynamic  stability  or  the  towed  models.  Drag  coefficient 
data  were  recorded  at  various  distances  between  the  payload  and  towed  drag  body.  The  estimated 
accuracy  of  the  measured  test  data  is  as  follows: 


Cd  *  0.02 

/  (towed  line  length  -  inchest  t  0.80 

M„  (1.57  to  2.87)  *0.02 

Mx  (2,3010  4.65)  t  0.05, 


A  typical  model  Installation  consisted  of  a  payload  und  trailing  towed  drag  body  assembly 
as  shown  In  Figure  57.  The  support  system  included  two  thin  struts  spanning  the  tunnel  In  the  hori¬ 
zontal  plane  and  holding  the  payload  in  the  center  of  the  tunnel  (see  Figure  S8).  Each  towed  drag 
model  was  attached  to  the  payload  with  a  0. 10-inch  stainless  stool  cable  from  a  drum  mounted  on  a 
strain  gage  balance  inside  the  payload.  The  balance  with  the  motor-driven  drum  comprised  a  con¬ 
venient  system  (or  testing  towed  decelerators  since  the  distance  between  payload  and  drag  model 
could  be  varied  during  the  tost  run.  Figures  59  through  62  show  four  models  in  the  wind  tunnel. 

B.  TEST  PROGRAM 

Figures  83  and  64  show  some  of  the  models  used.  Figure  05  shows  detailed  sketches  of 
typical  Ballute  models.  Table  8  lials  the  models  tested,  unit  Table  9  Is  a  complete  log  of  all  of  the 
supersonic  tests. 


Table  8.  Supersonic  Wind  Tunnel  Test  Models 


MODEL 

RUN 

BO-degree  Ballute  with  6.  25%  fence  (open  front  inlet) 

1,  14 

75-degree  Ballute  with  8.  30%  fence  (open  front  inlet) 

2,  7,  9 

80-degree  Airmat  cone  (pre  Inflated) 

3,  16,  20.  26,  27,  28 

Torus  and  curtain  (flexible  curtain,  rigid  torus) 

4 

Sphere  with  6,  25%  fence  (preinflated) 

5,  10,  13,  21,  23,  24,  25 

Hemisphere  (preinflated) 

6 

100-degree  Airmat  cone  (preinflated) 

8 

75-dogree  cone  balloon  with  6.3%  fence  (pre Inflated) 

11,  22,  29,  30,  31,  32 

100-degree  Ballute  (open  front  Inlet) 

12,  17 

80-degree  tucked  Ballute  (open  front  Inlet) 

15 

80-degree  Ballute  (front  Inlet  with  reed  valves) 

18 

80-degree  Ballute  (front  Inlet  with  screen) 

19 

75-degree  Ballute  (strie  Inlets  with  screen) 

33,  34,  35,  30 

80-degree  Ballute  (side  inlets  with  screen) 

37,  38 

80-degree  Ballute  with  3.  9%  fence  (side  inlets  with  screen) 

39,  40,  41,  42 
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Table  9.  Log  Sheet  of  Supersonic  Teats 


PATE 

RUN 

NO. 

MODEL 

MACH 

NO. 

DYNAMIC 

pressure 

(ib/tta> 

if* 

performance* 

#-18-81 

1 

80-degree  Ballute 

1.77 

173 

a  -  6 

Model  Inflated  50  percent,  model  rolled. 

e-ao-ei 

2 

76-degree  Balluto 

2.86 

87.6 

Model  partially  Inflated:  model  ex¬ 
perienced  tome  coning  and  flutter; 
model  aft  end  ruptured. 

e-so-oi 

9 

60-degree  cone 

1.77  -  2. 12 

152  -  113 

1  -  7 

Stable  generally;  no  coning;  no  roll. 

•-20-81 

6 

Torui  and  curtain 

1.62 

153 

6 

High- frequency  curtain  flutter;  model 
experienced  some  coning;  curtain 
team  parted. 

0-20-61 

5 

Sphere 

2.0 

135 

... 

Stable;  model  leaked. 

6-21-01 

6 

Hemisphere 

1.66-2.75 

102  •  162 

3-  10 

Stable;  no  coning;  no  roll. 

9-12-61 

7 

78-degree  Ballute 

1.77 

..  - 

... 

stable;  no  coning. 

8-13-61 

a 

l QO -degree  cone 

2.75 

152 

... 

Unstable;  20-degree  coning;  tow  cable 
broke. 

8-12-81 

8 

76-degree  Ballute 

I.7C 

Model  partially  inflated;  model  ex¬ 
perienced  aome  coning  and  flutter; 
model  aft  end  ruptured. 

6-22-61 

10 

Sphere 

2.16 

152 

•  »  • 

Stable. 

8-29-81 

11 

15-dtgree  cone  balloon 

1.11  -  2.75 

162  -  168 

2  •  10 

Stable. 

6-29-81 

12 

100-degree  Ballute 

1,77 

... 

— 

Model  partially  Inflated:  20-degree 

coning. 

6.19.81 

13 

Sphere 

1.68-2.6 

180 

... 

Stable  generally. 

6-23-61 

14 

UO-degrcc  Ballute 

a  bo  -  2. IS 

tog  -  i te 

Model  Inllaiedpartlally;  model  rolled: 
model  experienced  fabric  flutter: 
model  aft  end  ruptured. 

6-23-61 

15 

10. degree  lucked  Ballute 

2.66 

102 

... 

Model  Inflated,  atablw  (no  eplnnfng  or 
coning);  model  aft  end  ruptured. 

0.47-ftl 

16 

60-degre*  cone 

2.76 

152 

2  -  10 

Stable:  no  coning;  no  roll. 

6-21-81 

11 

100-degrce  Ballute 

2.68 

■  a  a 

..  ■ 

Tow  cable  broke:  stopped  teet. 

8-29-61 

te 

60-degree  Ballute  with 
front  inlet  and  reed 

velvet 

2.6  -  9.6 

160 

3  -  a 

No  coning:  high  epln  rate;  model  not 
fully  Inflated. 

8-21-61 

16 

10-degree  Ballute  with 
front  rr.reened  Inlet 

2.5  -  3,6 

150 

6  -  B 

No  coning;  high  epln  rale:  model  not 
fully  Inflated, 

6-16-82 

20 

BO-degree  Alrmat  cone 

2.0  -  2.67 

150 

1-13 

Stable. 

6-11-62 

21 

Sphere  with  fence 

2,0  -  2,87 

150 

1  -  12 

Steble. 

6-18-62 

22 

76-degrno  cone  balloon 

2,0  -  2.87 

ICO 

1  -  12 

Stable. 

6-16-62 

23 

Cphrr;  with  fence 

2.6 

150 

2  -  0 

Modol  rode  e  Utile  rough  In  waxe: 
stable;  no  roll. 

8-16-62 

26 

Sphere  with  fence 

3.5 

160 

l  -  0 

Model  stable;  no  roll. 

6-16-62 

25 

Sphere  with  fence 

3.M 

150 

I  -  0 

At  J/A  ■  1  -  3  end  7  -  8,  model 
stable,  al  //A  -  4-6,  coning  10-d»- 
gross;  lost  mndelat  M  •  6. 65;  cable 
btoko  at  payload  when  normal  shock 
wont  lluiiugh. 

8-16-82 

art 

80-cUjgrpo  Alrmal  cono 

2.  ft 

150 

3  -  12 

Model  stable;  no  roll. 

6-19-83 

27 

BO-dcgrre  Alrmal  cone 

3.5 

160 

1  -  12 

Cnne  rode  rough  at  //A  »  1,2;  smooth 
ride  at  jt/A  ■  3-12. 

6-19-02 

aa 

SO  -  dog  r  co  Air  mat  enne 

6.85 

150 

1  -  8 

Stable;  nn  roll 

6-15-82 

20 

7ft-dogr*«  enno  balloon 
with  fence 

2.  & 

250 

1  -  8 

Stable;  zero  roll;  aero  conln«. 

9-15-82 

30 

75-dcgrcc  cono  Iwlloon 
with  fence 

3,5 

250 

1  -  0 

Stable. 

9-15-62 

31 

75-dcnroe  cone  balloon 

wllh  fence 

3.96 

250 

1  -  8 

Stable. 

5-1  i)'62 

«. 

75-degrcc  cone  balloon 
with  fence 

4.05 

250 

1  ••  8 

Stable. 

8-15-62 

33 

75-deflrec  Rallute  with 
a  Ido  Inlet 

3.  ye 

2bO 

l  0 

Stable. 

8-15-82 

36 

70-degroo  Ballute  with 
aide  Inlets 

4.65 

250 

l  -  9 

Stable. 

G- 18-62 

35 

75-cU?Krec  Ballute  with 
aide  Inlets 

2  50 

290 

1  -  8 

stable. 

6-18-62 

30 

7 & -degree  Ballute  with 
cldc  Inlets 

3.  5 

250 

1  ••  9 

Stable- 

•Stable  model  performance  is  defined  as  visual  observation  of  oscillatory  coning  less  than  2  degrees. 
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Table  9.  Log  Sheet  of  Supersonic  Tests  (Continued) 


DATE 

RUN 

NO. 

MODEL 

MACH 

NO, 

DYNAMIC 

PRESSURE 

(lb/ft*) 

t/4 

PERFORMANCE  • 

e-is-sa 

27 

80 -degree  Bgllutc  with 
•Me  Inlets 

250 

7 

Intel*  mtaallgned;  model  rolled. 

6.18-82 

28 

80-dogreeltgUuto  with 
fence  and  aide  Inlet* 

250 

* 

Model  awivei  removed:  inlets  mis¬ 
aligned;  modol  rolled  *  lightly. 

6-18-62 

32 

80-dutir*e  Ballute  with 
fence  and  side  Intel* 

250 

2  -  9 

Stahl*;  tern  roll;  aero  rnnlng. 

6-16-62 

40 

80-degree  Bullute  with 
fonco  and  aide  inlots 

250 

2  -  9 

Stable. 

6-18-82 

41 

80-degree  Ballute  with 
fence  and  side  Inlet* 

3.96 

250 

2  -  9 

Stable. 

6-18-62 

42 

80-degree  Ballute  with 
fence  and  aide  Inleta 

4.  Oh 

250 

4  -  e 

Stable. 

♦Stable  model  performance  ta  defined  mi  ulaual  obacrvatlon  ol  oscillatory  coning  lei  than  1  degree*. 


During  the  serieg  of  tests  in  test  section  1,  runs  1  through  17  (Mach  1.64  to  2.75),  it  was 
evident  that  most  models  of  the  prelnilated  sphere,  hemisphere,  and  cone  models  performed  in  a 
satisfactory  manner.  Drug  coefficient  data  were  obtained  at  various  Mach  numbers  and  at  various 
//d  ratios  (tow-line  length  divided  by  payload  diameter).  Schlieren  still  photographs  and  schlieren 
high-speed  (1100  frames  per  second)  movlos  wore  token  during  the  tests  (see  Figures  68  through 
6U).  These  schlieren  stills  were  used  to  observe  the  supersonic  flow  patterns  and  to  chock  the  shape 
stability  of  the  models  under  load. 

Shape  stability  was  verified  by  scaling  the  near  optically -perfect  schlieren  photographs. 
These  closed  pressure-vessel  models  wero  not  pressurized  excessively  for  shape  stability.  The 
plan  followed  during  the  tests  was  to  provide  only  enough  Internal  inflating  pressure  to  avoid  wrink¬ 
ling.  The  80-degree  Atrmat  cone  and  the  hemisphere  nose  shapes  did  not  chango  under  load.  The 
75-degree  cone  balloon  and  the  sphere  did  change  shapes  (see  Figures  66  and  67).  The  apex  angle  of 
the  cone  balloon  model  wua  constructed  to  75  dogrees  ITnder  load  however,  tho  apex  angle  was  ap¬ 
proximately  80  degrees. 

The  following  results  were  obtained  during  this  first  Berles  of  tests  of  prelnilated  models: 

(1)  Drag  values  obtained  with  cones  are  higher  than  spheres  and  hemispheres. 

(2)  A  towed  80-dcgrcc  cone  performs  In  a  stable  manner  (little  nr  nn  coning). 

(3)  A  towed  100-degree  cone  is  unstable  (violent  pitching  and  coning  greater  than  10 
degrees). 

The  ram-alr  Ballute  models  with  open  front  inlets  did  not  perform  In  a  satisfactory  manner. 
Most  of  these  models  experienced  excessive  coning  and  fabric  flutter.  Some  of  these  models  ex¬ 
perienced  high  spin  rates.  All  models  subsequently  experienced  structural  failure  at  the  aft  end.  It 
was  clear  after  a  review  of  the  high-speed  schlieren  movies  that  a  pulsating  mass  flow  or  buzzing 
phenomenon  existed  which  caused  model  shape  changes  and  excessive  structural  oscillatory  loading 
at  a  rate  of  approximately  70  cycles  per  Becond. 

Prior  to  the  scheduled  test  section  2  tests  (Mach  2. 5  to  4. 65),  a  combined  "in  house"  aero¬ 
dynamic,  structural,  and  design  study  was  conducted.  In  addition  consulting  services  were  utilized. 
The  details  of  this  investigation  are  presented  in  Appendix  I.  Analytical  studies  and  experimental 
water  table  tests  were  conducted.  The  net  result  of  this  investigation  was  reflected  in  model  modi¬ 
fications  as  follows; 

(1)  Provide  a  reed  valve  assembly  type  front  inlet. 

(2)  Provide  a  screened  type  front  inlet. 

(3)  Provide  side  inlets. 
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The  80-degree  Ballute  model  with  screened  or  reed  valve  (rant  Inlets  was  the  (irst  tested  in 
test  section  2  (test  runs  18  and  18),  The  model  performed  in  a  stable  manner  although  it  did  not  fully 
inflate  and  experienced  a  high  spin  rate.  A  review  of  the  schlleren  still  photographs  and  high-speed 
schlieren  movies  showed  the  following; 

(1)  The  model  apex  angle  was  between  63  and  6B  degrees. 

(2)  The  model  experienced  no  mass  flow  pulsations  with  the  reed  Inlet. 

(3)  The  model  experienced  alight  mass  flow  pulsations  with  the  screened  Inlet. 

(4)  The  model  experienced  no  significant  shape  change. 

The  final  series  of  tests  In  test  sect  2  (Runs  23  through  42)  consisted  of  three  preinflated 
model  types  and  three  ram-air  Ballute  model  types. 

All  prelnflated  models  performed  In  n  satisfactory  manner.  The  75-degree  Ballute  with  the 
6. 3-percent  fence  and  screened  Inlet  and  the  BO-degree  Ballute  with  the  3,  B-percent  fence  and 
screened  side  Inlets  also  performed  in  a  satisfactory  manner.  Both  models  remained  motionless 
(no  coning,  no  roll)  in  their  towed  positions  during  the  test  runs.  A  review  of  the  high-speed 
schlieren  movies  revealed  good  shape  stability  and  a  complete  absence  of  any  mass  flow  pulsations. 
Internal  static  pressure  readings  were  taken  In  the  ?S-degree  Ballute  model,  utilizing  a  mercury 
manometer  tube.  A  pressure  transducer  was  used  to  measure  the  internal  pressure  pulsing  magni¬ 
tude  and  frequency  of  the  80-degree  Ballute  model.  The  output  from  the  transducer  was  recorded  on 
a  vlslcorder  type  oscillograph.  There  was  no  measurable  pulsing  from  the  oscillograph 

C.  SUMMARY  OF  RESULTS. 

Figures  70  through  81  show  the  aerodynamic  drag  results.  Drag  coefficients  were  based  on 
the  fully  Inflated  model  design  diameter  of  either  7  or  8  Inches.  The  burble  fence  outside  diameters 
were  greater  than  tneir  respective  Inflated  design  diameters.  The  rated  size  of  a  burble  fence,  for 
example  a  3.0-percent  fence,  was  based  on  the  fence  height  divided  by  the  model  diameter.  Note 
the  hysteresis  effect  of  the  drag  data  In  Figures  75  through  78.  As  the  decelerator  model  1s  removed 
aft  away  from  the  (orebody,  the  abrupt  Cd  change  occurs  at  a  larger  //d  than  when  the  decelerator 
Is  moved  forward  toward  tho  forebody.  At  a  small  i/d  (see  Figure  88)  the  decelerator  Is  in  a  diver¬ 
gent  wake  of  the  forebody  with  a  corresponding  low  Cjy  As  the  decelerator  is  moved  aft,  the  diver¬ 
gent  wake  flow  pattern  nt  the  forebody  suddenly  trips  and  changes  tc  a  convergent  wake  flow  pattern 
normally  experienced  by  a  body  in  a  free  stream  without  being  influenced  by  a  trailing  body.  The 
corresponding  higher  Cq  is  obtained  since  decelerator  Is  aft  of  this  wake.  Starting  from  a  large  i/d 
(see  Figure  88),  the  forebody  wake  flow  pattern  is  convergent.  As  tho  decelerator  Is  moved  forward, 
the  wake  flow  pattern  change  from  convergent  to  divergent  Is  delayed  and  occurs  at  a  smaller  jt/d. 
This  tripping  of  the  wake  flow  pattern  at  a  smaller  //d  occurs  because  of  the  larger  pressure  energy 
requirements  to  disturb  the  normal  convergent  wake  pattern.  This  hysteresis  effect  Is  also  shown  In 
References  24,  28,  and  26.  The  internal  static  pressure  results  token  during  test  runs  83,  34,  35, 
and  36  are  shown  In  Figure  82.  The  results  were  corrolated  through  tho  use  of  two  ratios: 


r2/Vm  and  //A 


where 


P2  a  the  inside  static  pressure 

Pa»  °  the  free  Btream  static  pressure 

/  =  the  distance  from  the  Ballute  to  the  forebody 

d  =  the  diameter  of  the  forebody. 

The  magnitude  of  these  ratios  can  be  explained  as  being  due  to  the  presence  of  a  combination  of  an 
oblique  shock  at  the  tip  of  the  Rallute,  and  normal  shocks  at  the  side  inlets. 

To  verify  this  explanation,  theoretical  predictions  of  the  recovery  ratios  were  made  utiliz¬ 
ing  lnviscid  conical  flow  theory  and  taking  into  account  the  presence  of  both  types  of  shocks.  And, 
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as  indicated  by  the  graph,  the  theoretical  results  were  close  to,  although  higher  than,  the  experi¬ 
mental  results. 

In  summary  the  most  significant  results  of  all  the  supersonic  tests  arc  as  follows: 

(1)  Hallutu  models  with  side  ram-air  inlets  do  inflate  fully  and  have  drag  values  equivalent 
to  prelnflatcd  models. 

(2)  Dallute  models  with  sido  inlets  arc  stable  In  their  towed  position  (no  coning,  no  roll, 
no  fabric  flutter), 

(3)  Good  ram-air  Intornal  pressure  readings  were  taken  which  will  provide  useful  informa¬ 
tion  for  structural  design. 

(4)  Burble  fences  increase  the  drag  values. 

(5)  Conical-shaped  models  have  higher  drag  values  than  spherical  or  hemispherical. 
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Figure  58.  Supersonic  Wind  Tunnel  Support  Systems 
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Figure  61 .  Eighty-Degree  Air  mat  Cone  Model  Trailing  Figure  62.  Seventy-Fit  e  Degree  Cone  Balloon  v-ith  6.  3- 

Payload  in  Supersonic  Wind  Tunnel  Percent  Fence  Trailing  Pay  load  in  Sujersonic  Wind  Tunnel 


Figure  64.  Ram-Air  Sample  Supersonic  Wind  Tunnel  Test  Models 
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Figure  65.  Detailed  Sketches  of  Typical  Ballutc  Models 
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Figure  BC.  Schlieren  Photograph  of  Sphere 
with  8. 26- Fence  at  M  -  2.  5 


Figure  68.  Schlieren  Photograph  of  Sphere 
with  0.  25- Fence  at  M  =2. 87 


Jm  ^  -ji 

1  !■ 

i  -  .  ■ 

x  i  d  si  ; 

Figure  B7.  Schlieren  Photograph  of  75-Degree 
Cone  Balloon  at  M  ■  2. 87 


Figure  69.  Schlieren  Photograph  of  80-Degree 
Ram-Air  Ballute  at  M  «  1,5 
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SPHERE  WITH  6.25-PERCENT  FENCE 


75-DEGREE  CONE  WALLOON  WITH  6.3-PERCENT  FENCE 


:  ■■■KSSsSSSBSS 


iEBBUHMMliBgai 


2  0.6 


aO-DEOREE  AIRMAT  CONE 


UHilRMRiRi^iH 

■■■RnniEes^i 

■■■»»«■■■■■■■■ 


RATIO  OF  TCW-CAKE  LENGTH  TO  FOMROCY 
DIAMETER -I/d 


NOT Ei  d'-  MOOEl  MAX  DIAMETER  (IN.) 

d  -  FOREBODY  MAX  DIAMETER  (IN.) 


Figure  70.  Effect  of  the  Tow-Cable  Length  on  the  Drag  Coefficient  ol  a  Sphere  with  8. 25-Percent 
Fence,  75-Degree  Cone  Balloon,  and  80-Degree  Alrmat  Cone  behind  the  Forebody 
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DRAG  COEFFICIENT  -  CD 


NOTE,  d'  -  MODEL  MAX  DIAMETER  (IN,) 

d  -  FORSuOOY  MAX  DIAMETER  (IN.) 
d*/d  •  3.31 


NOTE!  d’  -  MODEL  MAX  DIAMETER  (IN.) 

d  -  FOREBODY  MAX  DIAMETER  (IN.) 
•d'/d  •  2,92 


RATIO  OF  TOW-CAOLC  LENGTH  TO 
TOREBODY  DIAMETER  -  //d 


RATIO  OF  TOW-CABLE  LENGTH  TO 
FORE  BODY  DIAMETER  -  t/ d 


Figure  71.  Effect  of  Tow-Cable  Length  on  the 
Drag  Coefficient  of  a  Hemisphere 


Figure  72.  Effect  of  Tow-Cable  Length  on  the 
Drag  Coefficient  of  a  75-Degrcc  Cone 
Hailoon  with  8. 3-Percent  Fence 
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RATIO  OF  TOW-CAILE  LENGTH  TO 
FOIteeODY  DIAMETER  -  t/i 


I 


Figure  73.  Effect  of  Tow-Cable  Length  on  the  Drag  Coefficient 
of  an  80-Degree  Airmat  Cone  (M  » 1. 83  to  3.78) 


0  2  4  6  8  10 


RATIO  OF  TOW-CA8LE  LENGTH  TO 
FOREIODY  DIAMETER  -//d 


M, 

2.3  WITH  REED  VALVE  AND  CUP,  WITHOUT  FENCE 

3.5  WITH  REED  VALVE  AND  CUP,  WITHOUT  TtNCE 

2.5  WIIH  11%  SCREEN  AND  CUT,  WITHOUT  FENCE 

3.3  WITH  11%  SCREEN  AND  CUP,  WITHOUT  FENCE 


Figure  74.  Effect  of  Tow-Cable  Length  on  the  Drag  Coefficient  of 
an  80-Degree  Ballute  without  Fence  (Ram-Air  Inflated) 
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DRAG  COEFFICIENT  -  Co  DSAG  COtFfICliMt  - 


q  *  250  PSF 


RATIO  Of  TOW-CAbU  LtNL.iH  TG  RATIO  OT  TOW-CABLE  LEMCTH  TO 

FOREBODY  DIAMETER  -  t/i  FOREBODY  DIAMETER  -//d 


Figure  75.  Effect  of  Tow-Cable  Length  on  the  Drag  Coefficient  of  an  60-Degree 
Ballute  with  3.0-Percent  Fence  (Ram-Air,  Side  InlotB) 


q  •  250  PSf 

ilVd*  J.« 


Figure  76.  Effect  of  Tow-Cable  Length  on  the  Drag  Coefficient  of 
a  75-Degree  Cone  Balloon  with  6. 3- Percent  Fence 
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1.0 


q  •  250  PSF 
d'/d  ■  2.92 


0.S 

0.4 

0 

1.0 
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0 

1.0 
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0.4 
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RATIO  OF  TOW-CAIU  IE  NOTH  TO 
FOREBODY  DIAMETER  -  // d 


Figure  77.  Effect  of  Tow-Cable  Length  on 
the  Drag  Coefficient  of  a  Sphere 
with  6. 25-Percent  Fence 


Figure  78.  Effect  of  Tow-Cable  Length  on  the 
Drag  Coefficient  of  a  75-Degree  Ballute  with 
6. 3-Percent  Fence  with  Side  Inlets 
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SECTION  5 


HYPERSONIC  WIND  TUNNEL  TESTS 


A.  GENERAL 

The  tests  were  conducted  In  the  Arnold  Von- Kir  mail,  tunnel  "C",  at  Arnold  Air  Force  Sta¬ 
tion,  Tennessee.  The  purpose  ol  these  tests  was  to  obtain  drag,  pressure  distribution,  and  heat 
transfer  measurements  ol  towed  decelerators. 

1,  Description  oi  von-Karmah  Tunnel  "C" 

The  SO- inch  Mach  10  tunnel  is  a  continuous-flow,  variable-density,  hypersonic  wind  tunnel 
with  a  50- inch-diameter  tost  section.  Because  of  changes  in  boundary  layer  thickness  caused  by 
changing  pressure  level,  the  Mach  10  contoured  nozzle  produces  an  average  test  section  Mach  num¬ 
ber  which  varies  from  10  at  a  stagnation  pressure  of  200  psla  to  10. 2  at  2000  psia.  The  centerline 
tlow  distribution  is  uniform  within  about  0. 5  percent  in  Mach  number.  There  is  a  slight  actual  gra¬ 
dient  on  the  order  of  0. 01  Mach  number  per  foot.  The  unique  feature  of  the  50-lnch  Mach  10  tunnel 
is  the  model  Installation  chamber  below  the  test  section  which  allows  the  entire  pitch  mechanisms 
(sting  and  model)  to  be  raised  Into  and  lowered  out  of  the  tunnal.  When  the  model  Is  in  the  retractive 
position,  the  fairing  doors  and  the  safety  doors  can  be  cloned  allowing  entrance  to  the  tank  for  model 
changes  while  the  tunnel  is  running.  When  the  model  Is  In  the  test  section,  only  the  fairing  doors 
are  closed  leaving  the  tank  at  static  pressure.  Stagnation  pressures  of  up  to  approximately  2000  psla 
are  supplied  through  the  CO- Inch  Mach  10  tunnel.  The  air  is  selectively  valved  through  the  compres¬ 
sor  plant  high- pressure  dryers  and  the  propane-fired  heater,  which  raises  the  air  temperature  to  a 
maximum  of  800°F.  The  heated  air  then  enters  the  electric  heater,  which  increases  the  air  temper¬ 
ature  to  a  maximum  of  1460PF,  sufficient  to  prevent  liquification  of  the  air  In  the  test  section.  From 
the  electric  heater  the  air  flows  through  the  nozzle,  the  diffuser,  the  cooler  and  back  into  the  com¬ 
pressor  system.  For  more  detailed  tunnel  Information  see  References  IS  and  21. 

2.  Description  of  Teat  Setup  and  Models 

The  basic  external  geometry  for  all  Balluto  models  Is  shown  In  Figure  83. 

The  heat  transfer  model  was  fabricated  from  Type  321  stainless  stool  (see  Figure  84 )  and 
was  formed  by  the  spinning  process.  The  skin  thickness  varied  from  0.0G0  to  0.004  Inch.  Nineteen 
thermocouples  wore  spot-welded  on  the  interior  surface  and  wore  located  as  shown  In  Figure  83. 

Two  thermocouples  were  also  mounted  Insido  the  model  to  measure  the  Internal  ambient  tempernturo, 

The  pressure  model  was  fabricated  from  Type  321  stainless  stool  (Sco  Figure  85)  and  was 
Instrumented  with  17  static  orifices  or  the  surface  as  shown  in  Figure  83  and  one  internal  orifice 
for  measuring  the  internal  model  pressure. 

Flexible  drag  models  were  fabricated  from  Reno' 41  cloth.  The  seams  of  the  model  wero 
Joined  by  spot  welding,  and  the  model  was  Impregnated  with  a  high-temperature  flllieono  ceramic 
elastomer  to  obtain  an  essentially  gas-tight  cloth.  For  added  strength,  eight  longitudinal  cables 
were  connected  from  the  nozzle  to  the  base  plate.  A  partially  Inflated  Ballute  is  shown  in  Figure  86. 

The  basic  inlet  configuration  Is  shown  in  Figure  87.  This  Inlet  was  tested  on  the  pressure 
model  with  screens  covering  the  Inlet  slots,  with  reed  valveB  (screen  removed),  and  with  open  slots. 
In  addition  to  the  basic  Inlet,  two  types  of  total  head  inflating  probes  were  used  with  the  flexible 
models  as  shown  In  Figure  88. 

The  models  were  supported  by  the  strut  assembly  as  shown  In  Figures  80  and  90.  The 
leading  edges  of  the  vertical  sections  and  the  sides  and  top  of  the  horizontal  section  were  water- 
cooled.  The  flexible  drag  models  were  connected  to  a  3/32- inch- diameter  Rene'cable  which  was 
routed  around  pulley  wheels  inside  the  strut.  The  cable  could  be  extended  or  retracted  by  means  of 
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Figure  83.  Ballute  Ooomctry,  Thermal  and  Pressure  Tap  locations 


a  hydraulic  cylinder  which  was  mounted  In  the  bottom  portion  of  the  strut.  The  pressure  and  heat 
transfer  models  were  supported  with  a  1. 75- Inch-diameter  sting  am  shown  In  Figure  91.  Also, by 
means  of  a  collet-type  sting,  which  replaces  the  hemispherical  cover,  the  sting  length  of  the  heat 
transfer  and  pressure  models  could  be  adjusted  as  desired.  Figure  91  is  an  Installation  of  the  pres¬ 
sure  model.  Figures  92  and  93  show  the  support  strut. 

3.  Pressure  Model  Instrumentation 

The  pressure  data  Bystem  consists  basically  of  nine  channels,  each  of  which  is  time-shared 
between  11  model  orifices  by  means  of  12-position  Glannini  pressure  switching  valves.  The  total 
capability  is  90  model  measurements,  with  the  first  position  of  each  pressure  switching  valve  being 
used  for  transducer  calibration. 

Each  channel  Includes  two  pressure  measuring  transducers  (referenced  to  hard  vacuum). 
The  two  measuring  transducers,  a  ±1  paid  unit  and  a  0  to  15  petd  unit,  are  switched  In  and  out  of 
the  system  automatically  to  allow  measuring  to  the  best  available  precision.  If  the  sensed  pressure 
level  Is  above  15  psia,  the  refcronce  side  of  the  15-psid  transducer  is  vented  to  atmosphere  to  ex¬ 
tend  the  measuring  range. 

The  measuring  system  is  of  the  Wtancko  frequency  modulation  type.  Precision  frequency 
modulation  oscillators,  frequency  multipliers,  binary  counters,  and  a  time  base  generator  operate 
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Figuro  84.  Heat  Transfer  Model 


Figure  86.  Pressure  Model 


Figure  86.  Partially  Inflated  Ballute 
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Figure  89.  Pressure  and  Temperature  Model  Installation 


Figure  SO.  Drag  Model  Installation 
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25.  CO 


Figure  91.  Pressure  Model  in  Tunnel  Installation  Chamber 


tn  conjunction  with  the  transducers  to  obtain  a  differential  count  of  10,  000.  The  resulting  resolution 
is  0.0002  psi  for  the  1-psl  transducer  and  0. 0015  pel  for  the  16-pstd  transducers.  The  accumulated 
count  is  stored  in  the  binary  counters,  read  out  serially  by  the  ERA  scanner  and  punched  on  paper 
tape. 


The  Pg  system  contains  two  channels  of  frequency  modulation  pressure  Instrumentation, 
one  with  a  range  of  0  to  500  pal  a  and  the  other  with  a  range  of  0  to  2500  psla. 
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Figure  02,  Water-Cooled  Support  Strut  (Side  View) 
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Table  10.  Log  Sheet  ot  Mach  10  (±0, 187)  Testa  (Continued) 
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4.  Temperature  Model  Instrumentation 

The  reference  junction  of  each  thermocouple  wan  maintained  at  132°F.  Each  thermocouple 
output  was  recorded  In  digital  form  on  magnetic  tape  at  a  rate  of  20  tlmeB  per  second  by  means  of  a 
Beckman  210  analog- to- digital  converter.  To  monitor  the  temperatures  at  selected  points  on  the 
models,  nine  of  the  thermocouple  outputs  were  also  recorded  on  strip  charts  by  0. 25-second  (full- 
scale  travel)  Brown  servo- potentiometers. 

5.  Drag  Model  Instrumentation 

A  strain  draw  Hnk  furnished  by  OAC:  was  used  for  drag  measurements  on  the  flexible  models. 
The  drag  link  wus  Instrumented  with  two  strain-gage  bridges  and  mounted  on  the  hydraulic  cylinder 
piston  rod.  Power  to  the  strain-gage  bridges  was  supplied  from  a  400-cpr  carrier  system.  Output 
from  one  of  the  bridges  was  measured  with  a  null-balance  servo-potentiometer  with  a  shaft  position¬ 
ing  digitizer  for  recording  on  punched  paper  tape;  the  other  strain-gage  output  was  measured  with  a 
galvanometer-typo  oscillograph  (visicorder).  A  cable  positioning  potentlometor  was  also  mounted 
Inside  the  strut  assembly,  Output  from  this  potentiometer  was  also  measured  with  the  servo-poten- 
tlometer  and  visicorder. 

6.  Test  Procedure 

The  tests  were  conducted  as  shown  in  Table  10.  Figures  94,  95,  and  96  show  the  Inflated 
80-degieu  Ballute  models  during  the  test  runs. 

Pressure  data  was  obtained  at  various  distances  behind  the  forobody,  and  heat  transfer  data 
was  obtained  at  an  //d  of  18.  All  data  was  obtained  at  zoro-dcgroc  ungle  of  attack,  and  Reynolds 
number  range  covered  was  from  0.  36  x  10®  lo  i.  80  x  10®  per  foot.  The  forobody  and  strut  assembly 
were  removed,  and  additional  heat  transfer  nnd  pressure  data  were  obtained  over  the  same  Reynolds 
number  range. 

The  flexible  models  were  installed  as  shown  in  Figure  90  and  Injected  Into  the  tunnel  at  the 
minimum  doslred  //d  The  cable  was  then  oxtonded,  and  drag  measurements  wore  obtained  over  the 
doBlrod  t?/d  range.  Somo  of  tho  flexible  modols  were  prolnflatod  with  a  neoprene  bladder  (Figure  96); 
other  mudels  wore  inflatod  with  tho  ram-alr  devices  shown  in  Figures  94  and  95.  In  order  to  keep 
the  modols  rolntlvoly  stablo  during  the  Injection,  a  restraining  cable  was  loosely  connected  from  the 
model  base  to  the  hemispherical  cover. 

B.  DISCUSSION  OF  RESULTS  AND  CONCLUSIONS 

The  pi  ubhuru  leal  insults  atu  shown  la  Figures  “7  through  103.  Note  that  Figure  103  pro 
aents  a  comparison  of  free-stream  inviscid  flow  theory  presauro  distribution  data  and  the  actual 
wind  tunnel  pressure  distribution  data.  The  temperature  test  results  are  shown  In  Figures  104  and 
105.  Transient  temperature  distributions  on  the  heat  transfer  model  wore  rccordod;  computer  re¬ 
duction  of  this  data  with  the  total  temperature  ol  the  atr  stream  produced  the  heat  transfer  coeffi¬ 
cient  distribution.  The  drag  test  results  of  the  inflatable  metal  cloth  60-degree  Ballute  modelB  are 
shown  In  Table  10,  test  runs  26,  40,  41,  42,  13,  and  44,  and  in  Figures  106  and  107. 

During  the  pressure  tests  the  pressure  distribution  data  Indicated  that  the  nose  of  the  Bal¬ 
lute  model  was  In  an  expanding  wake  of  the  payload  from  4/d  of  zero  back  to  if/d'B  of  16.  During  this 
test  period  tt  was  not  clear  why  forebody  hypersonic  wake  phenomenon  differed  from  supersonic  wake 
phenomenon.  Test  runs  9, 10, 10,  and  17  were  unsuccessful  attempts  to  collapse  the  wake.  After 
these  tests  References  27  and  28  jeeame  available,  and  the  following  Information  obtained  from  these 
references  is  an  indication  of  the  phenomenon  that  may  have  occurred  during  these  tests. 

The  shape  of  a  hypersonic  forebody  wako  depends  on  shape  of  the  body  in  flow,  but  some 
features  are  typical  for  wakes  In  general.  There  is  Indication  that  each  wake  has  a  “neck”  immedi¬ 
ately  behind  the  body  whore  transition  occurs.  Air  particles  moving  In  the  streamline  alwve  the  stag¬ 
nation  streamline  are  decelerated  and  compressed  at  tho  neck.  It  is  a  region  of  narrow  turbulence 
around  the  wake  axis.  This  region  has  a  tendency  to  spread  out  by  engulfing  the  surrounding  gas. 

The  important  Tact  Is  that  the  inner  wake  Is  growing  because  of  mixing  and  falling  static 
pressure,  thus  the  flow  field  Is  expanding.  At  some  distance  downstream,  a  process  of  diffusion 
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Figure  94.  Eighty- Degree  Baitutc  Model  at  Tg  ->  142fl°F 
during  Test  Run  (Front  Inlets) 


Figure  90.  Eighty-Degree  Dnllute  Model  at  Tg  =  1400°F 
during  Test  Run  (Bladder  Inflated) 
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between  the  outor  and  inner  wakes  takes  place.  Roforcncos  27  and  28  indicate  that  tho  diffusion  oc¬ 
curs  (25  to  50  diameters  in  a  case  of  a  ball),  when  turbulent,  hot  inner  wake  penetrates  colder, 
denser  outer  wuke. 

The  length  ar.d  width  of  the  wake  arc  significant,  especially  If  there  is  another  body  trailing 
the  body  which  generates  the  wako.  Problems  of  interference,  drag  variation,  and  drag  hysteresis 
depend  on  behavior  of  the  wake.  Studies  of  the  wakes,  mainly  in  supersonic  and  hypersonic  regions, 
arc  not  complete,  but  the  following  Is  indicated  by  Reference  27.  The  relation  of  trail  width  (in  hall 
diameters)  to  trail  length  (in  bail  diameters)  Is  represented  by  a  curve  of  the  form  (atmospheric 
pressure  data): 

-  U2d/10 


where: 

/ tj  -  trail  length 
Dd  «  trail  width 

At  transition  point  (For  /d  >  50)  1/3  power  law  is  recommended. 

Roth  the  side  Inlet  inflation  tube  Ballute  models  and  the  bladder  preinflated  Ballute  models 
performed  in  a  satisfactory  manner.  Both  types  of  configurations  were  fully  inflated  und  were  ex¬ 
ceptionally  stable  in  their  towed  position.  A  roviow  of  the  high-speed  movies  of  the  test  runs  (1100 
frames  per  second)  reaffirmed  this  fnet.  There  was  no  coning  or  roll  of  the  model.  In  addition  there 
was  no  indication  of  air  mass  pulsations  of  the  solf-influlud  models.  The  review  of  the  pressure  dis¬ 
tribution  data  was  made  with  tho  following  conclusions: 

(1)  There  is  no  pronounced  effect  in  pressure  distribution  above  the  critical  Reynold's  num¬ 
ber  of  approximately  500,000.  Below  this  value  tho  local  pressure  decreases  with  de¬ 
creasing  Reynolds'  numbor. 

(2)  Thoro  is  no  pronounced  effect  In  pressure  distribution  over  the  Jt/A  range  tested. 


NOIIS  S'  OIS1ANU  (INC  111  S)  AlONG  lilt  SUKIACt  (lONG  IIU0IN4I1 
(7)  1AP  NUA-.M  t  (1YPIOU) 

Figure  97.  Ballute  Pressure  Tap  Locations 
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Figure  300.  Bailute  Longitudinal  Pressure  Distribution  Figure  101.  Baliite  Longitudinal  Pressure  Distribution  behind 

behind  the  Forebody  (Ram-Air  Inflation),  Jif d  =  II  the  Forebody  (Ram- Air  Inflation),  //A  =  12 
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Figure  102.  Ballute  Longitudinal  Pressure  Distribr.ion  behind  Figure  103.  Ballute  Longitudinal  Pressure  Distribution  behind 
the  Forebody  (Ram -Air  Inflation),  i  i  =  18  the  Forebody  (Ram-Air  Inflation),  Various  >5  d's 
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Figure  106.  Effect  of  the  Tow-Cable  Lengti  on  the  Drag  Figure  107.  Effect  of  the  Tcw-Cable  Length  on  the  Drag 

Coefficient  of  an  60-Degree  Ballute  (Ram-Air  Inflated)  Coefficient  of  an  EO-Degree  Ballute  (Bladder  Inflated 

and  Rigid  Tested  behind  a  Forebody) 


SECTION  6 


MATERIALS  INVESTIGATION 


A,  INTRODUCTION 

1.  Review  of  Available  Materials 

At  the  initiation  of  this  program  an  investigation  was  conducted  to  appraise  the  state-of-the 
art  of  materials  applicable  to  the  Rallute  environment.  The  primary  environment  considered  waB 
temperature!  this  was  set  at  a  maximum  of  150Q°F.  The  material  selected  had  to  exhibit  structural 
strength  nt  this  temperature, 

The  design  criteria  dictated  that  the  material  must  also  be  flexible,  permitting  the  structure 
to  be  packaged  in  small  containers  and  subsequently  deployed  without  damage  to  the  material. 

The  third  criteria  Uemunded  that  the  Dalluio  be  capable  of  containing  Its  pressurizing  gas 
so  that  its  shape  could  i*  maintained.  In  the  case  of  the  ram-alr  type  of  design,  this  criteria  is  not 
as  critical. 

Considering  the  above  criteria,  tt  was  considered  that  a  woven  cloth  would  be  required  for 
the  structural  material.  This  type  of  material  exhibits  considerably  more  flexibility  than  does  a 
snoot  material.  In  ordor  to  approach  the  temperature  requirement,  It  was  evident  that  a  super-alloy 
material  would  be  required, 

Uigh-temperaturc  metal  cloths  hud  previously  been  developed  at  GAC.  Cloths  woven  of 
Rene'  41  wire,  0.0016  inch  in  diameter  und  200  wireH  per  Inch  in  both  the  warp  and  fill  directions 
hud  previously  Imcn  woven  and  evaluated.  This  cloth  was  not  considered  to  be  of  sufficient  weight 
and  strength  for  the  nallutc,  however.  TIiub  the  existing  mnterlnl  required  advancement  of  cloth 
strength  by  weaving  of  heavier  cloths.  This  Involves  decreasing  flexibility.  To  alleviate  this 
problem,  weaving  of  stranded  wire  cloth  Instead  of  single  wire  cloth  was  Investigated  and  Incor¬ 
porated  into  the  program.  Review  of  previous  GAC  developments  on  hlgh-tempernture  contlngB  for 
metal  cloths  led  to  the  selection  of  the  GAC,  CS-105  coaling  material.  This  coating  Is  flexible  at 
room  temperature  and  exhibits  gas  Ughtnoss  properties  nt  the  higher  temperatures. 

The  basic  ingredients  lnCS-10f»nrc8lllconeelnHti>morandglnss  frits,  CS-lOShnslOO  grams  of 
S2077  and  100  grams  of  AW35.  S2077  Is  the  elastomer  made  by  Dow- Corning  Corporation,  and  AW35  Is 
the  glass  frit  made  by  llarshaw  Chemical  Company.  The  US-  Ulb  coaling  avis  .out  reel*  llheusllleonu 
elastomers!  room  temperature.  As  the  temperature  Is  raised,  a  thermal  deeomponlton  of  the  elastomer 
and  a  fuslagofthe  glass  fill  occur.  The  rale  of  decomposlton  is  a  tlme-tempcrnturc  phenomenon  that 
progresses  slowly  at  800(,Fand  Inereasesns  the  temperature  rises.  The  glass  frit  fuses  before  ex¬ 
cessive  decomposition  of  the  .silicone  elastomer  has  taken  place  forming  an  adequate  gas  barrier. 

Advanced  development  work  on  CS-105  coating  was  accomplished  under  GAC  development 
projects.  Thus  any  development  work  on  coating  material  was  not  Incorporated  Into  this  program. 

As  CS-105  coating  had  not  previously  been  applied  to  cloth  designs  used  In  this  program,  a  minor 
effort  was  planned  to  evaluate  coating  applicability. 

2.  Formulation  of  Work  Outline 

Considering  the  presently  available  materials  and  the  design  requirements  a  work  outline 
was  formulated  as  follows: 

a.  Material  Procurement.  This  work  involved  obtaining  stronger  but  still  flexible  metal  cloths 
woven  of  Rene  41  wire.  Procurement  of  Rend  41  cable  was  also  a  requirement.  For  model  work 
some  stainless  steel  cloth  was  required. 

b.  Material  Evaluation.  The  material  obtained  under  Item  a  was  evaluated  by  testing  at  GAC.  In 
addition  a  coating  evaluation  was  performed  to  determine  the  coating  adaptability  to  the  new  cloths. 
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c.  Welding  Investigation.  Since  the  fabrication  of  models  and  full-scale  Ballutes  required  a  num¬ 
ber  Qf  gores  be  Joinea  together,  a  welding  Investigation  was  initiated  to  determine  the  welding  criteria 
that  would  result  in  the  highest  joint  efficiency, 

d.  Fabrication  Investigation.  Since  the  actual  fabrication  of  a  doubly  curved  Ballute  presented  a 
numberof  problems,  it  waa  considered  desirable  to  first  fabricate  a  36 -inch  diameter  model  Ballute 
to  check  out  detail  processes.  At  the  same  time  processes  were  developed  for  fabrication  of  the 
smaller  wind  tunnel  models. 

B.  MATERIAL  PROCUREMENT 

It  had  previously  been  determined  that  a  stronger  cloth  than  the  available  Rene'  cloth  was 
required  for  this  program.  The  available  cloth  was  woven  of  O.OOlB-lnch-cUameter  Rond  wire  and 
200  x  200  wires  per  Inch.  The  possibility  of  weaving  Rentf  cloth  to  stainless  steel  fine  wire  tight¬ 
ness  standards  was  investigated  as  a  method  of  increasing  the  cloth  strength. 

The  ability  of  a  weaver  to  pack  a  larger  diameter  wire  or  more  wires  of  the  same  diameter 
into  a  cloth  is  mainly  dependent  upon  the  softness  of  the  wire.  Stainless  steel  wire  commonly  used 
In  weaving  Is  "soft  annealed"  and  has  an  ultimate  strength  of  around  120,000  psi.  Annealed  Rencf 
wire  has  an  ultimate  strength  of  about  180, 000  psi.  Thus  it  was  apparent  that  the  Rentf  weaving 
wire  is  somewhat  "narder"  than  stainless  steel  weaving  wire  and  that  difficulty  might  be  encountered 
in  weaving  Rond  wire  to  stainless  steel  tightness  standards. 

The  Btalnloss  steel  standard  cloth  design  of  0. 0021 -inch-diameter  wires  nnd  200  x  200  wires 
per  inch  was  selected  an  the  standard  for  weaving  with  Rene'  wire.  The  strength  of  this  cloth  woven 
of  Rend  wire  would  theoretically  be  increased  1.75  times  over  the  previously  woven  Rend  cloth.  A 
weaving  program  was  established  to  determine  the  practicality  of  weaving  (his  Item  This  item  was 
designated  cloth  A. 

As  it  was  considered  desirable  to  further  Increase  the  clolh  strength  and  to  keep  flexibility 
reasonable,  u  stranded  wire  cloth  design  was  originated.  The  strand  consists  of  six  wires  wound 
around  a  center  wire  for  a  total  of  seven  wires.  The  design  selected  consisted  of  0.  OOlG-lnolwlln- 
mclcr  wires  strandud  together.  These  strands  were  to  be  woven  100  x  100  per  Inch.  The  strength  of 
this  cloth  woven  of  Rend  wire  would  theoretically  be  Increased  3.50  times  over  the  previously  woven 
Ucn^  cloth  and  2.  00  times  over  doth  A.  This  item  was  designated  cloth  »  and  a  weaving  program 
Initiated.  Cloth  D  was  wovtm  successfully  after  proper  loom  adjustments  were  made.  The  slnmd 
used  has  a  theoretical  diameter  of  0.048  inch  (3  x  0.0018)  and  the  stainless  steel  single  wire  for  100 
x  100  mesh  is  0.0045.  This  it  is  apparent,  at  least  in  tins  ease,  tlim  when  using  sUnnd.-.l  tbiiv  wire, 
weaving  can  be  accomplished  with  stainless  steel  standards.  Cloth  A,  however,  using  single  wire 
could  not  bo  successfully  woven  to  stainless  steel  standards. 

The  Rene' wire  used  was  procured  from  Hoskins  Manufacturing  Company.  The  weaving  and 
stranding  subcontract  was  performed  by  National  Standard  Company.  Weaving  was  accomplished  on 
conventional  wire  weaving  looms.  Considerable  adjustment  of  Hie  loom  wus  required  before  satis¬ 
factory  material  was  achieved.  These  loom  adjustments  were  typical  of  the  weaving  industry  and  arc 
formulated  by  experienced  loom  operators.  Stranding  was  accomplished  on  conventional  cabling 
equipment.  This  equipment  is  satisfactory  although  slow  when  using  finer  wires. 

Tlie  weaving  of  cloth  A  proved  to  be  most  difficult .  Sufficient  quantities  of  "good"  cloth  wire 
were  obtained  to  perform  strength  evaluations  and  lo  build  wind  tunnel  Ballute  models,  tt  Is  not  con¬ 
sidered  practical,  however,  to  weave  this  particular  cloth  design  to  specifications  required  for  produc¬ 
tion  cloth.  Tnus  11  is  further  concluded  Hint  It  is  not  practical  to  weave  Rene  wire  to  standards  of  stainless 

steel  wire. 

In  connection  with  the  weaving  of  cloth  A.  considerable  Investigation  of  the  uniformity  of  the 
Rene'’ wire  was  performed,  ft  was  concludcdthat  as  Rend  is  considered  difficult  lo  draw  the  wire 
uniformity  is  less  than  obtained  with  stainless  steel  and  that  this  could  be  a  major  factor  in  the  weaving 
dltllcully. 
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The  weaving  of  doth  Beau  bo  considered  practical  in  production.  Sufficient  quantity  of 
cloth  was  obtained  to  perform  strength  evaluations  and  to  build  wind  tunnel  Ballute  models.  Evalua¬ 
tion  of  the  stranded  cloth  indicated  that  the  theoretical  strength  estimates  were  achieved.  Tear  tost 
evaluation  showed  this  typo  of  cloth  to  lie  greatly  superior  to  monofilament  cloth.  Thus  cloth  B  is 
recommended  for  future  weaving  programs. 

C.  MATERIAL  EVALUATION 

Cloth  A  and  cloth  B  were  evaluated  for  strength  and  stiffness  characteristics.  Tests  wero 
performed  on  the  unwoven  wire,  the  unwoven  strand  for  cloth  B,  and  on  the  woven  cloth  in  imth  warp 
and  fill  directions.  Efficiencies  of  the  strand  and  cloth  were;  calculated  using  the  unwoven  wire  as 
100  percent.  This  calculation  shows  the  loss  of  strength  and  stiffness  doe  to  weaving. 

Stress- strain  «.«*  were  ,.;  :‘led  showing  the  rolntlonship  in  stiffness  of  the  unwoven  wire, 
strand,  and  woven  cloth  in  both  warp  and  1111  directions. 

In  addition  to  the  evaluation  of  cloth  A  and  cloth  B,  three  other  evaluations  were  performed 
as  follows; 

(1)  The  Rene'  41  cable  was  checked  for  the  specification  strength  requirement  and  reported. 

(2)  The  stainless  steel  cloth  purchased  for  the  three-foot  model  fabrication  wus  tested  to 
obtain  tensile  strength  in  the  warp  and  fill  direction. 

(3)  The  evaluation  of  the  CS-105  coating  when  applied  to  the  new  cloths  A  and  B  is  also 
reported. 

The  five  evaluations  listed  are  summarized  In  the  following  test  reports. 

1.  Cloth  A  Evaluat!  on 

Cloth  A  Is  woven  of  0. 0021  -inch-dhimeter  wires  and  hns  a  mesh  of  200  per  Inch  in  both 
warp  and  fill.  Test  conditions  arc  presented  In  Table  1 1.  Test  specimens  were  notched  and  torn; 
all  wires  were  continuous. 


Table  11,  Cloth  A  Evaluation  Test  Conditions  (Instron  Machine) 


GAGE 

LENGTH 

(Indies) 

CROSSHEAD  SPEED 
(Inches  Minute) 

FIRST  3  MINUTES 

A!-"!"'n  3  MINUTES 

s 

2 

0.02* 

0.20** 

6 

0.08* 

0.20 

0.  10* 

1.00 

0.14* 

1.00 

0.  18* 

1.00 

GAGE 

LENGTH 

CROSSHEAD  SPEED 

* 

» 

(Inches) 

(Inches  -Minute) 

IS 

o 

2 

0.05 

j 

4 

0 

10 

u 

6 

0.  15 

8 

0.  20 

*1.0  Percent  'Minute  Strain 


**10  Percent -Minute  Strain  Temperature  =  73°F 

♦♦‘Specimen  Width  =  1  Inch.  Relative  Humidity  =  50  percent 
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Tests  were  performed  on  the  wire  used  in  weaving.  All  samples  were  obtained  from  the 
same  spool,  and  25  wore  tested  In  tension.  Ultimate  tensile  strength,  yield  strength,  modulus  of 
elasticity,  and  percent  elongation  at  iatiure  are  reported  in  Table  12. 

Table  12.  0. 0021 -Inch -Diameter  Reno' Wire  Tensile  Tests 


LOAD  LOAD 
ULTIMATE  YIELD 
(Pounds)  (Pounds) 


STRESS 

ULTIMATE 

(pal) 


STRESS 

YIELD 


MODULUS  OF 
ELASTICITY 
(E  x  106  in  pal) 


ELONGATION 

(Percent) 


168,  000 
160,  000 
169,  000 
tflfl,  non 
168,  000 

168,000 


168,  000 
170,  000 
170,  000 

169,  000 


1A9,  0D0 


168,  000 
169,  UUU 
169,  000 
led,  000 
168,  000 


169,  000 


170,  000 
168,  000 
109,000 
169,000 
169,  000 


169,000 


169,000 


103, 000 
104,  000 
104,  000 
103,  060 
104, 000 


104  ,  000 


104,000 
102,  000 
102,  000 

104,000 


103,  000 


104,  000 
1U4,  000 
104,000 
104, 000 
104,  000 


104, 000 


104,  000 
103,  000 

103,  000 
103, 000 

104,  000 


103,  000 


104,  000 


NOTE:  Specimens  coded  as  follows: 

101  -  10-inch  gage  length  specimen  No.  1. 


Tensile  tests  were  performed  on  the  woven  doth  Twenty  specimens  wore  tested  In  the  warp 
direction,  and  20  specimens  were  tested  in  the  fill  direction.  Ultimate  tensile  strength,  yield 
strength,  modulus  of  elasticity  and  percent  elongation  at  failure  arc  reported  in  Tables  13  and  14. 
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Table  IS.  Cl, >lli  A  Breaking  Terns  (Warp  Direction) 


LOAD 

LOAD 

MODULUS  OF 

STRESS 

STRESS 

ULTIMATE 

YIELD 

ELASTICITY 

ELONGATION 

ULTIMATE 

YIELD 

NUMBER 

(Pounds  per  Inch) 

(Pounds  per  Inch) 

(K  X  10^  in  psi) 

(Percent) 

(psi) 

(psi) 

W21 

72 

42 

5.  1 

11.  3 

104.000 

61,000 

W22 

69 

41 

5.7 

9.8 

100,  000 

59,  000 

W23 

74 

46 

6.  1 

11.  3 

107,000 

66,  000 

W24 

71 

42 

6.0 

10.  5 

103,  000 

61,000 

W25 

71 

i  t 
•*  i 

5.  3 

11.  5 

103,  GOO 

59.  000 

Avg 

71 

-  -  H 

42 

5.8 

10.9 

103,  000 

W41 

GY 

42 

6.  5 

7.6 

970,  000 

jHB 

W42 

69 

42 

6.  5 

8.8 

100,  000 

W43 

72 

44 

6.4 

8.9 

104,  000 

64,  000 

W44 

70 

42 

6.  3 

9.0 

101,000 

W45 

71 

43 

6.4 

9.0 

103,  000 

Avg 

70 

43 

6.4 

8.7 

101,000 

62.  000 

W61 

6a 

41 

0.  2 

8,0 

08,000 

mm 

WC2 

68 

41 

C,  0 

9.0 

98,000 

W63 

67 

44 

6.  6 

7.7 

97,000 

QWmS 

W64 

68 

42 

6.  1 

8.4 

98,  000 

mxm 

W65 

70 

43 

6.  3 

9.0 

101,000 

62, 000 

Avr 

67 

42 

...  62  j 

8.6 

sa.ooo 

61,000 

W81 

66 

4P 

■MH 

8.  1 

95,000 

81,000 

W82 

07 

41 

8.  H 

97, 000 

**.  (•!•:  JB 

W83 

63 

40 

6,2 

91,000 

”  rF-ii 

W84 

64 

6.2 

7  4 

93, 000 

fit! 

W85 

66 

42 

5.8 

7.8 

95,000 

61,000 

Avr 

65 

41 

7.7 

94, 000 

59,000 

Total 

68 

42 

6.0 

9.0 

99, 000 

61,000 

Table  14.  Cloth  A  Breaking  Tests  (Fill  Direction) 


NUMBER 

LOAD 
ULTIMATE 
(Pounds  per  Inch) 

LOAD 

YIELD 

(Pounds  per  Inch) 

MODULUS  OF 
ELASTICITY 
(E  x  !06  in  psi) 

ELONGATION 

(Percent) 

STRESS 

ULTIMATE 

(psi) 

STRESS 

YIELD 

(psi) 

F21 

99 

71 

■m 

0.4 

143,  000 

101,000 

F22 

99 

68 

KM 

8.4 

143, 000 

90,  000 

F23 

98 

69 

7.0 

100,  000 

F24 

79 

5b 

a.  i 

5.5 

114,  000 

80,  000 

F25 

77 

53 

13.4 

7.0 

77,  000 

Avg 

90 

63 

13.0 

6.9 

130,  000 
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Table  14,  Cloth  A  nreaktng  Tests  (Fill  Direction)  (Continued) 


LOAD 

LOAD 

MODULUS  OF 

STRESS 

STRESS 

ULTIMATE 

YIELD 

ELASTICITY 

ELONGATION 

ULTIMATE 

YIELD 

NUMBER 

(Pounds  per  Inch) 

(Pounds  per  Inch) 

(Ex  10®  In  psi) 

(Percent) 

(psi) 

(psi) 

F41 

no 

84 

5  0 

156,000 

122,000 

F42 

98 

70 

a  m 

6,7 

142,  Q00 

101,000 

F43 

37 

68 

7.5 

140,  000 

98,000 

F44 

102 

70 

17. 1 

7.6 

148,  Q00 

101,000 

F45 

105 

17.2 

8.0 

1 52,  000 

104,  000 

Avg 

102 

73 

17.0 

7.0 

148,  000 

105,  000 

F61 

97 

72 

17.7 

4.  1 

140,  000 

104,  000 

F62 

97 

08 

16. 1 

7.3 

140,  000 

89,  000 

F83 

9B 

70 

5,9 

142,  000 

101,000 

F84 

77 

55 

12.4 

4.9 

111,000 

80,  000 

FB5 

78 

54 

12,5 

6.  1 

103,  000 

78,  000 

Avg 

89 

64 

15.  1 

5.7 

127,  000 

92,  000 

F81 

113 

81 

20.8 

6.5 

104,  000 

1 17,  000 

F82 

08 

60 

16.0 

7.  1 

142,  000 

100,  000 

F83 

90 

16,4 

6.4 

96,  000 

F84 

102 

69 

8.  1 

148,000 

100,  000 

F85 

102 

70 

8.  1 

101,000 

Avg 

102 

71 

Bkh 

7.2 

148,  000 

102,  000 

Total 

U0 

68 

15,7 

6.7 

98,000 

Tho  target  strength  of  this  cloth  is  87  pounds  per  Inch  In  both  the  warp  and  fill  directions. 
The  openness  factor  of  the  cloth  Is  34  poreent. 

n.  Teat  Results.  The  average  results  lor  wire  arc  ns  follows: 

Tensile  -  Ultimate  =  0.  5B2  pound 

Tensile  -  Ultimate  =  18(1, 000  psi 

Tcnsllo  -  Yield  =  0.  357  pound 

Tensile  •  Yield  =  104, 000  psi 

Modulus  -<  28,  000,  000  psi 

Elongation  at  failure  =  2E  percent. 

The  test  results  for  the  five  different  gage  lengths  are  uniform  except  for  modulus  values. 
Actually  the  wire  funds  to  slip  a  certain  amount  in  the  jaws,  and  the  resulting  computed  modulus  is 
generally  low.  Thun  different  gage  lengths  (2  to  18  Inches)  are  used  In  testing  to  isolate  the  amount 
of  slippage. 

For  cloth  A,  the  breaking  ultimate  strengths  In  the  warp  direction  are  consistent  and  aver¬ 
age  68  pounds  per  Inch.  This  is  77  percent  of  the  target  strength. 

The  breaking  ultimate  strengths  in  the  till  direction  are  quite  inconsistent,  ranging  from  a 
high  of  113  pounds  per  Inch  to  a  low  of  77  pounds  per  Inch,  i  nis  gives  an  average  of  96  pounds  per 
Inch,  which  is  109  jvreent  of  the  target  strength. 
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The  breaking  yield  strengths  in  the  warp  direction  are  consistent  and  average  42  pounds  per 
inch,  which  Is  82  percent  of  ultimate. 

The  tensile  yield  strengths  in  the  fill  direction  vary  about  the  same  as  the  ultimate 
strengths,  The  average  value  is  7J  percent  of  the  iltimate  average. 

The  average  elongation  at  failure  is  9. 0  percent  in  the  warp  direction  and  8. 7  percent  in 
the  fill  direction. 

The  average  modulus  in  the  warp  direction  is  6, 000, 000  pul.  The  average  modulus  in  the 
till  direction  is  IB,  700, 000  pat. 

b.  Conclusions,  The  results  of  the  wire  tests  are  consistent  and  show  an  ultimate  tensile  value 
for  tho  wire  of  169, 000  psi  basod  on  a  nominal  wire  diameter  of  0. 0021 -inch. 

The  results  of  the  cloth  tests  in  the  warp  direction  show  consistent  results  on  an  ultimate 
tensile  strength  of  66  pounds  jier  inch.  This  value  is  less  than  the  expected  vatue. 

Tho  results  of  the  cloth  tests  in  tiie  fill  direction  show  inconsistent  results,  indicating  tlmt 
the  fill  wire  usod  was  inconsistent. 

A  further  conclusion  is  apparent  when  comparison  of  warp  and  fill  strength  is  made.  More 
of  Uio  crimp  is  put  into  the  warp  wires;  thus  their  strength  is  reduced.  This  is  oven  more  apparent 
when  comparing  modulus  values  ns  shown  in  Figure  108. 

The  structural  efficiency  data  comparing  cloth  with  the  original  wire  is  uliown  in  Table  16, 


Table  16.  Structural  Efficiency  Data  (Cloth  A) 


STRUCTURAL 

CONDITION 

■ 

ULTIMATE 

(p»o 

VS  Is  LI) 
(psi) 

MODULUS  OF 
ELASTICITY 
(K  ill  psi) 

ELONGA¬ 

TION 

(Percent) 

YIELD 

ELONGA¬ 

TION 

(Portent) 

0.0021  Wire 

. 

ltiU,  UDO 

104, 0U0 

28,  000,  000 

MM 

0,  4 

Cloth 

W 

99,  000 

61,000 

6,  000,  000 

1,  1 

Cloth 

F 

130,  000 

90, 000 

15,  700,  000 

m 

0.  c 

Cloth  Efficiency 

w 

58  percent 

58  percent 

21  percent 

i  33.0 

-  - 

Cloth  Efficiency 

F 

82  percent 

95  percent 

54  percent 

25.  0 

-  - 

2.  Cloth  B  Evaluation 

Cloth  Is  is  woven  of  a  strand  (10  turns  per  inch;  consisting  of  seven  0.  0016  inch-dlamoter 
wires  (six  wires  twisted  about  a  center  wire)  and  has  a  mesh  of  100  per  inch  in  both  warp  and  fill. 
Test  conditions  are  presented  in  Table  16. 

Tests  were  performed  on  the  wire  used  in  weaving.  All  samples  were  obtained  from  the 
same  spool,  anr|  samples  were  tested  in  tension.  Ultimate  tensile  strength,  yield  strength,  modu¬ 
lus  of  elasticity,  and  percent  elongation  at  failure  aro  reported  in  Table  17. 

Tensile  tests  were  performed  on  the  strand  used  in  weaving.  Ail  samples  were  obtained 
from  the  same  spool  and  were  tested  in  tension.  Ultimate  tensile  strength,  yield  strength,  modu¬ 
lus  of  elasticity,  and  percent  elongation  al  failure  are  reported  in  Table  18. 

Tensile  lesls  were  performed  on  tho  woven  doth.  Twenty  specimens  were  tested  in  the 
warp  direction,  and  20  specimens  were  tested  in  the  1111  direction.  Ultimate  tensile  strength,  yield 
strength,  modulus  of  elasticity  and  percent  elongation  at  failure  are  reported  in  Tables  19  and  SO. 
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Table  16.  Clulli  B  Evaluation  Test  Conditions  (Inotron  Machine) 


GAGE 

LENGTH 

(Inches) 

CROSSHEAD  SPEED 
(Inches  /Minute) 

FIRST  4  MINUTES 

AFTER  4  MINUTES 

2 

0.02* 

0.  20*  ♦ 

6 

0.06* 

s 

10 

0,  10* 

0.  10 

14 

0.  14* 

1.0 

16 

0. 18t  * 

1.0 

tRun  for  3  minutes  Instead  of  4. 

GAGE 

GAGE 

LENGTH 

CROSSHEAD  SPEED 

• 

LENGTH 

CROSSHEAD  SPEED 

1 

(Inches) 

(Inches/Minute) 

(Inches) 

(Inc.hes/Minute) 

6 

0.5 

2 

0.05 

CQ 

10 

0.250 

u 

4 

0.  10 

14 

0.350 

6 

0.  15 

18 

0.45 

a 

O  20 

*  1.  0  Porcent/Minute  Strain 

**  10  Percent/Minute  Strain 

•••Specimen  width  =  1  inch;  specimens  wore  cut  and  raveled;  edges  trimmed  after  raveling. 
Temperature  «  73°F,  Relative  Humidity  »  60  percent, 


Table  17.  0.  0015-Ineh-Dlnmeter  Rend”  Wire  Tonsion  Tostn 


LOAD 

LOAD 

STRESS 

- 

STRESS 

MODULUS  OF 

ULTIMATE 

YIELD 

ULTIMATE 

YIELD 

ELASTICITY 
(Ex  10-6  tn  psl) 

ELONGATION 

SPECIMEN 

(Pounds) 

(Pounds) 

(pel) 

(pat) 

(Percent) 

21 

0.312 

0.  209 

170,  uuu 

118,000 

30,  5 

22 

22 

0.321 

0.  207 

181,000 

31.2 

25 

23 

0.320 

■fS 

181,000 

31.5 

23 

24 

0.316 

HeB 

28.3 

23 

25 

0.318 

170,000 

115,000 

30.2 

24 

Avg 

0.317 

0.  208 

179,000 

30.3 

23 

61 

0.  313 

■ 

177,000 

118,000 

30.  1 

24 

62 

0.311 

mim 

116,000 

29.2 

22 

63 

0.313 

28.8 

23 

64 

0.  316 

0.  203 

178,000 

29.  5 

24 

65 

0.  315 

0.  205 

173,000 

116,000 

30.7 

22 

Avg 

0.314 

0.203 

177,000 

114,000 

29.6 

23 

101 

0.  316 

0.203 

178,000 

118.000 

31.4 

22 

102 

0.  317 

0.  209 

179, 000 

118,000 

29.4 

22 

103 

0,  317 

0.  205 

179,000 

116,000 

31.7 

23 

104 

0.  314 

0.  203 

177,000 

115.000 

31.4 

22 

105 

0.  317 

0.  209 

170,000 

116,000 

31.7 

23 

Avg 

0.  31C 

0.  207 

178, 000 

116,000 

31.  1 

22 
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Tabic  17.  0,0015  •Iiirti-Olnmeter  Rene  Wire  Tensile  Tests  (Continued) 


LOAD 

LOAD 

STHE3S 

STRESS 

MODULUS  OF 

ULTIMATE 

YIELD 

ULTIMATE 

YIELD 

ELASTICITY 

ELONGATION 

SPECIMEN 

(Pounds) 

(Pounds) 

(psl) 

(psl) 

(Exl0"#in  psl] 

(Percent) 

141 

0.314 

170,000 

116,000 

32.2 

22 

142 

0.  318 

0.203 

170,  000 

31.8 

23 

143 

0,  319 

0,  207 

SoO,  000 

I  I  i7 , 000 

32,  2 

uy 

144 

0,319 

180, 000 

32.6 

24 

145 

0.318 

179,  000 

115,000 

32.8 

24 

Avk 

0.318 

0.205 

179, 000 

1 1 5, 000 

32.  3 

22 

181 

0.  313 

■phi  ■mb 

■wTi 

177,  000 

110,000 

17 

182 

0.316 

HW-  ■  flf 

17R, 000 

1 1 5,  000 

23 

183 

0.311 

HnE" 

176.  000 

116,000 

21 

184 

Hoi';  V  ■! 

179, 000 

116,000 

22 

185 

0.  317 

Hjt  i  ilsw 

179,000 

116,000 

23 

Avj» 

0.  315 

1 

178,000 

118,000 

21 

Total  Avg 

0.  310 

0.  206 

178,000 

116,000 

32 

22 

Table  18.  Rond 

Strand  Tonstlu  Tests  (Seven  O.OOlS-Ineh-Dtunicter  Wires) 

LOAD 

LOAD 

STRESS 

STRESS 

MODULUS  OF 

ULTIMATE 

YIELD 

ULTIMATE 

YIF.IJ) 

ELASTICITY 

ELONGATION 

SPECIMEN 

(Pounds) 

(Pounds) 

(psl) 

(ptd) 

(E x  10""  111  psl] 

(Percent) 

81 

2.45 

1.  54 

198. 000 

124,000 

28 

24 

02 

_ 

1.  53 

-  - 

123,000 

28 

-- 

63 

2.47 

1.  54 

190,  000 

124,000 

27 

23 

64 

2.42 

1.  50 

195,  000 

121,000 

30 

24 

05 

2.42 

1.  50 

195,  UUt) 

121.000 

2G 

21 

Avk 

2.44 

1.  52 

197, 000 

123,000 

29 

24 

101 

_  „ 

1. 60 

121,000 

28 

102 

-- 

1,  50 

29 

103 

2.44 

1.  50 

121,000 

29 

22 

104 

-- 

1.  50 

121.000 

29 

105 

2.  37 

1.  53 

mm  ! 

123,  000 

28 

19 

108 

2.45 

-- 

21  l  Jf 

— 

-- 

107 

2.45 

-- 

— 

-- 

«  - 

108 

2.45 

-- 

«J5]H 

— 

-- 

109 

2.43 

mm " 

— 

-- 

-- 

1010 

2.45 

-- 

198,000 

— 

-- 

1011 

2.46 

-- 

198,000 

— 

-- 

-« 

1012 

2.44 

-- 

197, 000 

— 

-- 

... 

1013 

2.44 

-- 

— 

-- 

-- 

1014 

2.46 

-- 

198,  000 

... 

-- 

-- 

Avg 

2.44 

1.  50 

197, 000 

121,  000 

29 

20 
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Table  19.  Cloth  B  Breaking  Teats  (Fill  Direction)(ConUnued) 


LOAD 

LOAD 

STRESS 

STRESS 

MODULUS  OF 

ULTIMATE 

YIELD 

ULTIMATE 

YIELD 

ELASTICITY 

ELONGATION 

SPECIMEN 

(Pounds) 

(Pounds) 

(psi) 

(psi) 

(E'x  10-8  in  pst) 

(Percent) 

F81 

■PfM 

86 

163,000 

70, 000 

6.2 

8,8 

FU2 

88 

171,000 

5.8 

11.6 

F83 

199 

86 

175,0(0 

5.6 

15.0 

F84 

204 

99 

83.000 

11.3 

F85 

205 

105 

4.8 

8.5 

Avg 

197 

95 

171,000 

81,000 

5.5 

11.0 

Total  Avg 

193 

88 

na,  ooo 

78,000 

5.3 

12.0 

Note:  The  ultimate  and  yield  psi  valuer  shown  are  corrected  for  the  fact  that  specimens  had 
mesh  counts  of  less  than  100  per  inch. 


Table  20.  Cloth  B  Breaking  Tests  (Warp  Dlroctlon) 


a*  — 

LCsVO 

LOAD 

STRESS 

STRESS 

MODULUS  OF 

ULTIMATE 

YIELD 

ULTIMATE 

YIELD 

ELASTICITY 

ELONGATION 

SPECIMEN 

(Pounds) 

(Pounds) 

(P»t) 

(psi) 

(Ex  10-8  in  pal) 

(Percent) 

W21 

■M 

61 

146,000 

49,  000 

2 

20 

W22 

62 

140  000 

50,000 

2 

IB 

W33 

61 

146,000 

49,000 

2.2 

17 

W24 

62 

147,000 

50, 000 

2.3 

17 

W25 

105 

148,000 

48,000 

2 

17 

Avg 

184 

| 

147,000 

49,  000 

2. 1 

18 

W41 

■an 

62 

50,000 

2.5 

mamm 

W42 

i 

61 

148,  000 

49, onn 

2.5 

W43 

Hi  rirMSs 

62 

50,  000 

2.5 

W44 

186 

62 

149,  000 

50,  000 

2.6 

■ 

W45 

104 

61 

147, 000 

46,000 

2.5 

l!l 

Avg 

183 

61 

147, 000 

50, 000 

2.5 

15 

W61 

188 

81 

150,  000 

85,000 

2,7 

14 

W62 

189 

64 

151,000 

51,  000 

2.8 

14 

W63 

181 

64 

145, 000 

51, 000 

3.2 

13 

W64 

184 

65 

147,000 

52, 000 

2  6 

14 

W65 

185 

64 

148,000 

51,000 

2.0 

15 

Avg 

185 

68 

148,000 

52,  000 

2.7 

14 

W81 

mm 

74 

147,000 

59, 000 

2.9 

13 

W82 

61 

144,  000 

40,000 

13 

W83 

nfSUflili 

142,000 

52,000 

3.0 

13 

W84 

65 

143,000 

52,  000 

2.8 

13 

W85 

mSSm 

85 

152,000 

52,  000 

HWkIbM 

14 

Avg 

182 

66 

145,000 

52,000 

13 

Total  Avg 

183 

64 

147,  000 

50,000 

2.5 

15 

Note:  The  ultimate  and  yield  psi  values  shown  are  corrected  for  the  fact  that  specimens  had 
mesh  counts  of  less  than  100  per  inch. 
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The  target  strength  of  this  cloth  is  17S  pounds  per  inch  in  both  the  warp  and  fill  directions. 
The  oponness  factor  of  the  cloth  is  27  percent.  The  actual  measured  diameter  of  the  wire  is  0.0015 
inch  and  hereafter  is  referred  to  as  0. 0015  inch  instead  of  the  manufacturer's  0. 0016-inch  diameter 
callout. 

a.  Test  Results.  The  average  results  .tor  wire  are  as  follows: 

Tension  •  Ultimate  -  0. 31C  (lb) 

Tension  -  Ultimate  =  178,  000  (pel) 

Tension  -  Yield  -  0. 206  (lb) 

Tension  -  Yield  =  1 16, 000  (psi) 

Modulus  a  32  x  10®  (psi) 

Elongation  at  Failure  =  22  (percent). 

The  average  results  for  strand  are  as  follows: 

Tension  -  Ultimate  =  2. 43  (lb) 

Tension  -  Ultimate  =  196, 000  (psi) 

Tension  -  Yield  =1.51  (lb) 

Tension  -  Yield  =  122,000  (psi) 

Modulus  =  2fi  x  10®  (psi) 

Elongntion  at  Failure  =  22  (percent). 

For  cloth  the  tensile  ultimate1  strengths  In  the  warp  direction  are  consistent  and  average 
183  pounds  per  Inch.  This  is  183/175  =  1.04  or  104  percent  of  the  target  strength. 

The  tensile  ultimate  strengths  in  the  fill  direction  are  not  ns  consistent  and  averago  193 
pounds  por  inch.  This  Is  193/175  a  1. 10  or  110  percent  of  the  target  strength. 

The  tensllo  yield  strengths  In  the  warp  direction  arc  consistent  and  nvorngc  64  pounds  per 
Inch,  which  is  35  percent  of  ultimate. 

The  tensile  yield  strengths  In  the  till  direction  avernge  88  pounds  por  Inch,  which  Is  45 
percent  of  the  ulthnuto  nvorngo. 

The  avernge  elongation  at  failure  is  15  percent  of  ultimate  in  the  warp  direction  and  12 
percent  of  ultimate  In  the  fill  direction. 

The  average  modulus  In  the  warp  direction  is  2.  5  x  10B  pBt.  The  average  modulus  In  the 
fill  direction  in  5.3  x  lO^psi. 

b,  Conclusions.  The  structural  efficiency  data  comparing  cloth  und  strand  to  the  original  wire 
is  shown  In  Tabic  21. 


Table  21.  Structural  Efficiency  Data  (Cloth  B) 


STRUCTURAL 

CONDITION 

DIREC¬ 

TION 

STRESS 

ULTIMATE 

(psi) 

STRESS 

YIELD 

(psi) 

MODULUS  OF 
ELASTICITY 
(Ex  10'®  In  psi) 

ELONGA¬ 

TION 

(Percent) 

YIELD 

ELONGA¬ 

TION 

(Percent) 

0.  001 5 -In.  -Dia 

-  - 

178,000 

1 16,  000 

32 

22 

0.4 

Wire 

0.  0015 -In.  -Dia 

196,000 

122, 000 

29 

22 

0.7 

Strands 

Cloth 

Warp 

147,000 

f  0,  000 

2.5 

15 

1.8 

Cloth 

Fill 

172,000 

78, 000 
105% 

5.3 

12 

1.4 

Strand  Efficiency 

110% 

90% 

too 

Cloth  Efficiency 

Warp 

82% 

43% 

8% 

68 

— 

Cloth  Efficiency 

Fill 

96% 

67% 

18% 

55 

-  - 
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A  comparison  of  modulus  values  Is  shown  In  Figure  109. 

3.  Rone  Cable  (1/32  and  3/32)  Tension  Touts  (Standard  Aircraft  Cable  Configuration) 

The  minimum  ultimate  tensile  strengths  specified  on  the  order  were  110  pounds  for  the 
1/32  cable  and  920  pounds  for  the  3/32  uablc.  The  1/32  value  was  later  reduced  to  100  pounds. 
Tests  were  performed  on  the  delivered  cable  ns  follows: 

1/32  Cable  (3x7  Construction  0.0048  Wire) 

Specimen  No,  1  =  102  lb 

Specimen  No.  2  =  104  lb 

Specimen  No.  3  =  103  lb 

Specimen  No.  4  =  103  lb 

Average  =  103  lb 

3/32  Cable  (7  x  7  Construrtlon  0.0104  Wire) 

Specimen  No.  1  ~  990  lb 
Specimen  No.  2  --  929  lb 
Specimen  No.  3  =  884  lb, 

Strain  rate  was  one  percent  per  inch  per  minute  lor  1  cable:  gage  length  was  10  inches 
for  1/32  cable. 

Strain  rule  for  3/32  cable  was  2f>  percent  per  inch  per  minute  for  specimen  No,  1  mid  2.  5 
percent  per  Inch  per  minute  for  specimens  No.  2  and  3. 

For  3/32  cable  It  was  necessary  to  swage  end.',  on  the  ajmrovlmatcly  a  (Much  mine 

length  resulted.  Specimen  No.  3  slipped  in  the  Jrwb,  was  reloaded  and  was  not  considered  a  good 

tost. 

4.  Stainless  Steel  Cloth  Evaluation 

A  quantity  of  stalnleaH  steel  cloth  wns  purchased  for  use  In  constructing  the  threc-fuot 
model.  Upon  receipt  ol  this  cloth,  (esls  were  performed  to  determine  its  strength  prnpcrilrs.  The 
cloth  tested  was  Type  304,  0. 0021 -Inch  diameter  wire,  200  x  200  mesh,  and  plain  woven. 

Tension  tests  performed  were  as  follows: 

10  specimens  in  the  warp  direction. 

10  specimens  in  the  fill  direction. 

Testing  conditions  were  as  follows: 

room  temperature 

specimen  size  =  1x6  inches 

grip  length  =  3  Inches 

crosshead  speed  =  0.2  inch  per  mtnute 

chart  speed  =■  2  Inches  per  minute. 

A  summary  of  the  stainless  steel  cloth  tension  tests  Is  presented  In  Tabic  22. 

5.  CS-105  Coating  Evaluation 

A  limited  test  program  was  performed  to  approximate  the  amount  of  leakage  that  may 
occur  in  the  Mach  10  wind  tunnel  test. 

a.  Hot  Roc  Tests,  Four  specimens  were  tested  us  indicated  in  Table  23. 
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Figure  109.  Cloth  B  Typical  Stress-Strain  Diagrams  for  Bene  V/ire.  Strand,  and  Cloth  (Six-Inch  Gage  Lengths) 


Table  22.  Summary  of  Stainless  Steel  Cloth  Tension  Tests 


WARP  DIRECTION 

FILL  DIRECTION 

SPECIMEN 

ULTIMATE  LOAD 

SPECIMEN  1 

ULTIMATE  LOAD 

NO, 

(ItoAn. ) 

NO. 

(Lb/ln. ) 

W1 

SO 

57 

W2 

43 

67 

W3 

50 

60 

W4 

49 

F4 

57 

W6 

49 

F5 

56 

we 

51 

F6 

58 

W7 

48 

F7 

62 

WB 

46 

F8 

59 

W9 

50 

F9 

58 

W10 

62 

F10 

58 

Average 

49 

Average 

58 

Table  23.  Hot  Roc  Tosta 


TEST 

NO. 

TYPE  OK 
CLOTH 

NUMDER 

OF  COATS 

BACK-UP 
PRESSURE  ! 
(psl) 

TEMP 

(°F) 

TIME  AT 
TEMP 

1 

A 

12 

4 

n:i* 

2 

A 

12 

1 

■  jM 

3 

□ 

12 

4 

1275 

4 

12 

4 

1275 

One  coat  of  C8- 106  approximates  1  oz/sq  yd. 


Oulsldo  ol  some  flaking,  tho  coating  did  not  nppcur  porous  after  testing,  It  was  not  neces¬ 
sary  to  adjust  the  pressure  during  tost,  Indicating  that  lcnkngc  wns  less  than  the  accuracy  of  the 
equipment. 

b.  Permeability  Tests.  Six  specimens  were  tested  In  the  environmental  laboratory  as  shown  In 
Table  24.  Four  specimens  were  fabricated  by  welding  together  two  halves.  This  was  done  as  an 
attempt  to  check  If  more  leakage  woutd  occur  at  the  welds. 


Table  24.  Permeability  Tests 


TEST 

NO. 

TYPE  OF 
CLOTH 

WELD  OR 
CONTROL 

NUMBER 
OF  COATS 

BACK-UP 

PRESSURE 

(psl) 

TEMP 

(°F) 

TIME  AT 
TEMP 

3 

A 

Control 

12 

2 

20 

1 

A 

Welded 

10 

2 

1500 

20 

5 

A 

Welded 

10 

4 

1275 

20 

8 

B 

Control 

12 

4 

20 

6 

B 

Welded 

10 

4 

1275 

-• 

2 

B 

Welded 

10 

2 

1500 

60 

The  leak  rates  are  plotted  In  Figure  HO. 
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EXPOSURE  TIME  -  MINUTES 


Figure  110.  Leak  Rates 
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Specimen  No.  3  blistered  opposite  the  heated  side  Apparently  only  one  or  two  coats  were 
lost,  however,  as  pressure  was  maintained. 

Specimen  No.  6  could  not  be  tested  to  completion  hr  a  major  leak  developed  In  the  weld 

aroa. 

Considerable  moro  charring  of  the  CS-105  occurs  at  15Q0°F  than  at  1275°F. 

D.  WELDING  INVESTIGATION 

1.  Equipment 

The  following  resistance  welding  machines  were  available  and  doomed  worthy  of  consider¬ 
ation  for  welding  of  inetnl  cloth  such  as  that  proposed  for  use  for  the  subject  contract. 

(1)  Spot  Weldor  (Federal  Machine  and  V/elder  Co).  100-kva,  a-c,  single-phase  42-ineh 
throat,  welding  force  range  ICO  to  3DQ0  pounds. 

(2)  Seam  Welder  (Sciuky  Bros,  Inc).  200-kva.  3 -phase,  54 -Inch  throat,  welding  force 
range  600  to  4500  pound. 

(3)  Seam  Welder  (Resistance  Welder  Corp).  150-kvn,  a-c,  single-phase,  48 -inch  throat, 
welding  force  range  300  to  2300  pound. 

(4)  Scum  Welder  (Thomson  Electric  Welder  Co).  50-kvn,  a-c,  single-phase,  22-tnch 
throat,  welding  forco  range  10  to  500  pounds. 

(5)  Spot  Welder  (United  Corporation  -  Wcldnmtlc).  40-watt- second,  capacitor-discharge, 
placer  and  prol>e-typo  electrodes;  for  tuck  welding. 

2.  Equipment  Evaluation 

For  equipment  evaluation  the  material  used  was  Remf  41  0,0015-Inch  diameter,  200  x  200 
wires  per  inch  since  this  material  was  available  and  there  was  welding  background  Information  nt 

hand. 


Iiilllul  scum  welding  was  done  on  the  Sclnky  machine,  it  was  found  that  consistent  strength 
welds  could  be  obtained  at  weld  speeds  up  to  BO  inches  per  minute.  This  could  be  either  a  seam 
weld  or  roll-spot  weld,  It  was  necessary  to  sandwich  the  doth  between  foil  strips  to  prevent  stick¬ 
ing  of  the  cloth  to  the  electrodes.  The  foil  was  peeled  off  nftcr  welding.  Hecausc  of  the  Inherent 
high  weld  force  of  this  machine,  parts  had  to  lie  securely  clamped  and  little  guiding  was  possible 
during  welding.  This  machine's  use  would  be  limited  to  flat,  straight  joints. 

The  resistance  seam  welder  was  found  to  have  only  slight  advantage  over  the  Sciaky  welder. 
Guiding  of  parts  was  easier  due  to  narrower  wheels  and  lower  weld  force.  Foil  was  required  on  only 
one  side  of  the  cloth.  The  weld  strengths  were  comparable,  but  11  was  felt  that  small  contoured  parts 
would  be  difficult  to  handle  here  also 

Preliminary  welding  on  the  Thomson  seam  welder  Indicated  that  machine  alterations  and 
development  time  would  be  required  to  gain  any  appreciable  advantages  over  the  larger  machines. 

The  Federal  spot  welder,  although  a  low  production  machine  (inches  of  wold  per  unit  time), 
had  over-balancing  advantages.  There  was  a  minimum  of  clamping  and  ftxturlng  required.  Accessi¬ 
bility  was  good  Tor  welding  of  either  size  Ballutc  model.  There  was  less  danger  of  having  hard-lo- 
rcpalr  defects.  The  weld  tensile- shear  and  slit-tear  strengths  were  superior  to  those  of  seam 
welds.  Foil  sandwiching  was  required.  Table  25  shows  the  results  of  welding,  using  the  two  ma¬ 
chines  showing  the  greatest  promise. 
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Table  25.  Welded  Strengths  of  0.0016-Inch-Diameter,  200  x  200  Mosh  Rene  41 


MACHINE 

MAKE 

TYPE  OF 
WELD 

NO.  OF 
ROWS 

SPOTS/ 
IN. /ROW 

TRAVEL 
(In,  /Min) 

TENSILE -SHEAR 

SUT  TEAR 

> 

< 

Efficiency 

Efficiency 

Sciaky 

Roll-spot 

z 

a 

80 

44 

mm 

4.  5 

60% 

Sctaky 

Roll-spot 

2 

6 

80 

36 

I DM 

5.0 

07  % 

Sciaky 

Seam 

1 

12 

72 

35 

04  % 

4.3 

57%, 

Sciaky 

Seam 

1 

15 

18 

-- 

5.0 

67%, 

Federal 

Spot 

2 

7 

-* 

4J _ 

75';* 

0.7 

The  spot  welds  were  fairly  good  In  tensile-shear  and  by  far  the  best  in  slit-tear.  The  tests 
were  performed  in  the  fill  direction. 

3.  Joint  Design 

Since  spot  welding  was  preferable  to  seam  welding,  optimum  joint  design  was  determined. 
Previous  work  indicated  that  every  wire  normal  to  the  dlioction  of  loading  must  lx?  welded  and  that 
tear  resistance  is  best  when  spots  are  separated.  This  dictated  a  two-row  staggered  pattern  with 
the  spot  spacing  dependent  upon  the  nlze  spot  obtninublc  for  u  given  cloth. 

In  preparation  lor  welding  the  36-inch  Ballute,  u  weld  schedule  was  established  on  the 
Fodoral  spot  welder  for  Typo  304  stainless  steel  0.  0021  inch  diameter,  200  x  200  cloth.  Welds 
were  made  In  two-row  patterns  at  different  spue  lugs  normal  to  the  direction  of  loading.  This 
was  also  done  on  two  and  three  thickness  combinations  with  the  weld  .nvs  at  45  degrees  to  the 
direction  of  loading.  Results  of  these  tests  are  shown  In  Table  26. 


Table  26,  Spot  Weld  Strengths  in  Stainless  Steel  Cloth  (Fill) 


DIRECTION 

OF 

WELD  HOWS 

NO.  OF 
ROWS 

SPOT/ 

INCH /ROW 

TENS1LK-SHEAR 
STRENGTH 
(H>  avg) 

PERCENT 

EFFICIENCY 

Normal 

8 

48 

83 

Normal 

e 

44 

76 

Normal 

4 

37 

64 

Normal 

2 

21 

31 

3  Thickness 

6 

50 

86 

2  Thickness 

6 

42 

72 

The  two-row  staggered  pattern  with  eight  spots  per  inch  per  row  was  selected  as  the 
standard  for  welding  of  the  38-inch  Ballute. 

4.  Weld  Strength  Evaluation  (Cloths  A  and  B) 

A  summary  of  weld  strength  evaluation  test  results  is  presented  In  Table  27. 

After  consideration  of  the  tensile  strength,  tear  resistance,  fabrication  costa,  and  reliabi¬ 
lity,  It  was  decided  to  use  a  two-row  staggered  pattern  of  seven  spots  per  inch  per  row  and  a  row 
spacing  of  3/32  to  1/8  inch  for  both  A  and  B  cloths. 
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E.  FABRICATION  TECHNIQUES 


Preparation  of  goroa  and  the  welding  sequence  of  all  modols  wan  similar.  Marking  and 
cutting  templates  shown  at  the  top  of  Figure  1 1 1  were  made  from  the  developed  gore  drawings.  With 
the  template  on  the  cloth  at  4S  degrees  to  the  warp,  the  material  was  marked  and  cut.  Cable  locating 
loops  were  first  seam  tack  welded,  located,  and  taped  In  place  as  shown  at  the  bottom  of  Figure  1 11, 
then  welded  in  place  using  the  Federal  weldor,  with  the  first  spot  as  close  as  possible  to  the  rod 
along  the  gore  center  line. 

The  gores  were  then  loaded  into  coating  frames  and  clumped  as  shown  in  Figure  112  with  the 
match  points  coinciding  with  holes  In  the  top  frame  which  wan  a  mask  for  the  wold  area  Both  sides 
of  the  gore  wero  sprayed  with  five  coats  of  high-temperature  silicone  elastomer  CS-105.  Each  coat 
was  cured. 

For  the  36-lnch  model,  gores  were  welded  In  pairs;  then  pairs  were  added  one  at  a  time  to 
form  a  hemisphere.  Pairs  of  gores  were  mounted  on  n  formed  tacking  template  and  tack -welded 
every  six  Inches  with  the  Federal  welder.  Prior  to  tacking,  sandwiching  foil  was  taped  In  place 
covering  the  overlapped  weld  area.  Spot  spacing  was  uniformly  controlled  by  the  indexing  attach¬ 
ment  as  shown  tn  Figure  113.  As  earh  joint  was  welded,  the  foil  was  peeled  off  and  the  excess  over¬ 
lap  material  trimmed.  Figure  114  shows  the  welding  together  of  subassemblies.  Welded  joints 
were  brush-coated  with  CS-105  and  put  through  tho  normal  coat  and  cure  cycle. 

When  the  two  halves  of  tho  Ualtutc  were  ready  for  Joining,  one  side  was  welded  from  the 
polar  cap  opening  to  the  tangent  point  and  the  other  side  from  the  opening  for  about  six  inches.  The 
Inside  polar  cap  was  lacked  In  place  and  tho  hole  cut  out  to  provide  the  correct  overlap.  The  outer 
cap  was  added  and  the  thrcc-thickncss  combination  welded.  Tho  welded  polar  cap  and  JolntB  wero 
coated  and  curod.  Figure  110  shows  the  joining  of  the  Balluto  halves.  Match  points  were  super¬ 
imposed,  and  two  tack  welds  made  alxmt  five  Inches  apart.  The  area  to  the  first  weld  was  filled  tn 
with  spots  and  then  another  tack  weld  added.  Welding  was  alternated  from  one  side  of  the  Bnllutc 
to  the  other.  During  the  final  closure,  welding  was  interrupted  for  coating.  Final  few  Inches  of 
welding  was  done  with  a  special  arm  which  was  tapered  out  to  a  Ixdton  electrode.  Figure  116  shows 
(ho  assembled  model. 

Fabrication  of  the  ton-inch  cloths  A  mid  B  Bullutes  generally  followed  the  same  process¬ 
ing.  Tack  welding  of  the  gores  up  to  the  point  of  Joining  the  halves  was  done  on  a  plywood  form 
made  to  the  developed  contour  at  the  Joint.  Copper  attached  lo  the  form  was  tho  conductor  to  which 
tho  welding  lead  was  clamped. 

The  heavier  ami  sliffer  cloth  B  was  easier  to  handle  and  weld.  Figure  117  shows  the  weld  ¬ 
ing  of  two  gores  with  cable  loops  nnd  match  points  visible.  Cloth  B  can  be  welded  without  foil.  Foil 
was  used  on  one  side  when  convenient  to  speed  the  welding  process. 

F.  SUMMARY  OF  RESULTS 

The  development  weaving  program  involved  design  procurement  and  evaluation  of  two  new 
Rene'  cloths.  These  cloths  would  be  stronger  than  the  available  Rene'  cloth.  Cloth  A  was  woven  to 
commercial  stainless  steel  cloth  standards.  Cloth  B  was  woven  of  stranded  wires  to  maintain  flexi¬ 
bility  of  the  heavier  cloth. 

Results  of  the  weaving  program  show  that  the  Cloth  A  design  is  too  tight  a  weave  to  be 
woven  of  Rentf  wire  in  production  quality.  Cloth  B,  however,  was  woven  successfully  and  is  re¬ 
commended  for  procurement  on  future  phases  of  work. 

Results  of  strength  tests  are  summarized  in  Table  28. 

The  welding  program  was  planned  to  determine  the  processing  that  would  obtain  the 
highest  weld  efficiency.  Staggered  rows  of  spot  welds  were  concluded  to  be  most  efficient  strength- 
wise  and  also  most  reliable  tearwise. 
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Flguru  HI.  Fabrication  Templates 


Figure  112,  Clamping  Gore  in  Coating  Frame 
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Figure  114.  Welding  Sutiawnemblies 


Figure  117.  Woldlng  Two  Cloth  B  Gores 


Table  28.  Summary  of  Strongth  Tests 


CLOTH 

DESIGNATION 

WIRE 

DIAMETER 

MESH 
PEIl  INCH 

ULTIMATE  TENSILE  (Lb/!n. ) 

MATERIAL 

WARP 

FILL 

Rene'  4 1 

Original 

0.0016 

200  x  200 

61 

Rene'  41 

Cloth  A 

0.0021 

200  x  200 

96 

Rene'  41 

Cloth  B 

7  -  0.0016 

100  x  100 

193 

Stainless 

steel 

Commercial 

0.0021 

200  x  200 

48 

04 

Table  29  summarizes  (he  most  efficient  weld  results. 


Table  29.  Summary  of  Weld  Results 


WARP  DIRECTION 

FILL  DIRECTION 

MATERIAL 

CONTROL 

WELDED 

PERCENT 

EFFICIENCY 

CONTROL 

WELDED 

PERCENT 

EFFICIENCY 

Cloth  A 

71 

70 

98 

93 

■Mg 

62 

Cloth  B 

174 

174 

100 

183 

94 
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A  summary  comparison  of  weights  is  presented  in  Table  30. 


Table  30.  Summary  Comparison  of  Weights 


MATERIAL 

CLOTH 

DESIGNATION 

WIRE 

DIAMETER 

MESH 
PER  INCH 

CLOTH 

WEIGHT 

(Oa/Yd2) 

ESTIMATED 

COATING 

REQUIRED 

(Oz/Yd2) 

ESTIMATED 

TOTAL 

WEIGHT 

(Oz/Yd2) 

Rond  'll 

„  . 

0.0016 

200  x  200 

5.01 

3 

13 

Rend  41 

Cloth  A 

0.0021 

200  x  200 

8.75 

B 

17 

Rend  41 

Cloth  B 

7  -  0.0016 

100  x  100 

17,  50 

10 

27 
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SECTION  7 


INFLATION  SYSTEMS  STUDY 


A.  GENERAL 

The  function  of  a  Ballute  Inflation  system  Is  to  provide  sufficient  Internal  pressure  P  to 
maintain  a  symmetrically  rigid  decelerator. 

Since  the  Ballute  can  be  used  in  so  many  stabilization  and  deceleration  applications  each  of 
which  has  peculiar  thermal  mid  structural  considerations  as  well  as  a  variety  of  altitude  velocity 
regimes,  optimization  of  the  inflation  system  must  be  conducted  separately  for  each  mission.  As  in 
any  airborne  system,  weight  Is  one  of  the  prime  considerations  in  the  determination  of  an  optimum 
design.  For  this  reason,  a  graphic  summary  of  the  most  feasible  methods  of  Ballute  inflation  ver¬ 
sus  weight  Is  present  in  Figure  118. 

The  following  systems  were  found  to  be  worthy  of  detailed  analysis: 

(1)  Compressed  gas  In  pressure  vessels 

(2)  Residual  air  within  the  Ballute 

(3)  Gas  generation  by  burning  fuel 

(4)  Chemically  generated  gas 

(5)  Airborne  compressors 

(8)  Ham-air  inflation. 

B.  COMPRESSED  GAS  IN  PRESSURE  VESSELS 

Probably  the  most  widely  used  method  of  producing  largo  volumes  of  gas  at  relatively  low 
pressures  Is  storago  at  high  pressures  and  small  volumes  in  steel,  wire- wound,  fllierglass,  etc 
bottles.  The  statc-of-lhe-art  In  this  area  Is  progressing  with  the  development  of  higher  strength 
motalB  and  compression  equipment.  Associated  hardware  in  the  form  of  tubing,  solenoid,  and  pyro¬ 
technic  valves  Is  available  In  l he  form  of  off-the-shelf  Ileum.  Inflation  rates  may  tie  cnHlly  control¬ 
led  by  metering  with  standard  hardware. 

The  wolglit  curves  for  the  steel  Ixiltlo  systems  and  the  fibergluss  bottlo  systems  shown  In 
Figure  1 1H  nre  based  on  catalogue  weights  for  commercially  available  bottles.  The  titanium  sphvic 
wolght  .urve  wss  calculated  lrom  dnta  obtained  from  a  nomograph  published  by  the  Titanium  Metals 
Corporation  of  America.  Heal  treated  Tl-fiA  -4V  nllny  was  selected,  and  the  design  r<ir>rMftnn<!  for 
the  txittles  were  assumed  to  be  7830  psl  pressure  and  100,000  psi  design  stress.  Fills  stress  level 
gives  a  safoty  factor  of  1. 6  at  70°F. 

In  the  throe  gas  bottle  systems  the  total  system  weight  was  determined  by  adding  the  weight 
of  the  compressed  air  and  the  weight  of  the  control  valve.  The  control  valve  was  assumed  to  be 
simple,  and  Its  weight  was  estimated  to  vary  from  1  to  3  pounds  over  the  range  of  bottle  Blzcu. 

C.  RESIDUAL  AIR  WITHIN  THE  BALLUTE 

In  certain  hlgh-ultltude  missions  where  the  Ballute  Is  relatively  small  and  the  altitude  de¬ 
crement  If  small,  It  is  feasible  to  make  use  of  the  air  trapped  within  the  packaged  Ballute  as  the 
Inflation  medium.  If  It.  is  necessary  to  eliminate  the  predeployment  stresses  on  the  Ballute,  the 
packaging  eanfnter  may  be  hermetically  sealed,  creating  a  zero  pressure  differential  across  the 
Ballute  fabric.  This  system  insures  rapid  inflation  and  good  reliability  and  eliminates  the  pressure 
vessel  and  valve  requirements.  However,  it  is  limited  to  high- altitude  applications. 

D.  GAS  GENERATION  BY  BURNING  SOLID  FUEL 

Chemical  generation  of  gas  by  burning  "explosive"  type  materials  is  a  very  reliable  system 
that  is  being  continually  refined.  Hot-gas  and  cool-gas  generators  are  now  available  In  some  small 
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sines  as  off-the-shelf  items.  Custom-made  gas  generators  may  be  procured  to  fulfill  almost  any 
pressure  volume  requirement.  Firing  of  these  devices  can  be  done  either  electrically  or  mechani¬ 
cally. 

The  gas  generator  curve  In  Figure  118  was  calculated  from  the  equation 

Pv  ■  wrT 

where 

Pv  »  energy  in  lb- ft 

w  »  propellant  weight  In  pounds 

T  »  gas  temperature  in  °F 

r  «=  energy  constant  =  55  ft/°R  (a  good  average  value  for  present-day  ballistic  generators! 

The  total  weight  of  the  gas  generator  systems  was  determined  by  arbitrarily  multiplying  the 
propellant  weight  by  1. 5  to  include  the  weight  of  the  case  and  hardware.  The  1.  5  factor  was  esti¬ 
mated  from  limited  data  on  hot  -gas  generators,  nnd  It  assumes  that  the  gus  Is  generated  hot  and 
then  cooled  down  to  70°F  within  the  balloon. 

Two  points  are  shown  on  the  graph  which  Indicate  the  weights  of  two  cool-gus  generator 
systems  which  were  proposed  by  McCormlck-Selph  Associates,  Hollister,  California  for  uso  In 
specific  Inflatable  devices. 

E.  CHEMICALLY  GENERATED  GAS 

Ro-entry  recovery  missions  that  allow  Inflation  of  the  Bnllute  at  extremely  high  altitudes 
pormtt  the  use  of  subliming  solids  or  vaporizing  liquids  as  the  gas  source.  Since  only  very  low 
pressures  can  be  offocted  by  this  method,  application  is  limited  to  orbital  decay  and  high- altitude 
i.iisilons  or  as  Initial  Inflation  of  ram-alr  Dallutos  In  comparable  altitude  regimes. 

Two  examples  of  sublimating  powder  systems  are  shown  in  Figure  118.  The  points  were 
calculated  from  the  following  data  on  the  ECHO  I  and  ECHO  11  balloon  inflation  systems: 


SitUliliuitiiiK  Swi'u* 

Weiultl 

D&iieUy 

Pressure 

Volume 

ECHO  1 

Benzoic  acid 

Ant  raqul  none 

10 

20 

30  lb 

70 

89 

851b,/ft3 

0.  08  mm 

525,000  ft3 

ECHO  a 

Acetantde 

50  lb 

72  lb/ft3 

0.  2  mm 

1,200,000  ft3 

F.  AIRBORNE  COMPRESSORS 

A  cursory  examination  of  the  feasibility  of  airborne  compression  equipment  was  conducted 
revealing  several  unfavorable  attributes.  The  compression  of  rarlfled  gases  Buch  as  those  encountered 
at  higher  altitudes  Imposes  severe  tolerance  restrictions  on  the  moving  parts  of  the  compressor. 

The  rate  at  which  large  volumes  of  low-density  gases  can  be  pumped  into  an  inflatable  device  renders 
the  inflation  time  required  prohibitive.  The  weight  and  volume  of  airborne  compressors  compare 
unfavorably  with  those  of  olher  systems. 

G.  RAM -AIR  INFLATION 

The  practicability  of  the  ram-air  inflation  concept  had  been  proven  in  the  subsonic  velocity 
regime  prior  to  the  work  accomplished  under  this  contract.  However,  during  the  wind  tunnel  iests 
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Figure  118.  Inflation  .System  Weigh! b  for  Various  Types  of  Systems 
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described  In  this  report,  data  was  obtained  Indicating  feasibility  from  subsonic  through  hypersonic 
velocities. 

Basically  the  ram-air  concept  converts  the  kinetic  energy  of  the  external  dynamic  pressure 
to  Internal  static  pressure  by  presenting  an  orifice  or  orlflceB  normal  to  the  air  stream.  The  in¬ 
flation  aperture  may  be  located  at  the  nose  of  the  Balluto  or  In  the  area  of  the  equator.  Internal 
pressures  one  to  four  times  greater  than  the  dynamic  pressure  have  been  noted  In  the  supersonic 
velocity  range  when  the  side  inlets  wore  used.  This  Indicates  that  configurations  requiring  Inflation 
pressures  greater  than  q  may  also  be  ram-alr  inflated. 

Contrary  t.o  closed  Ballute  Inflation  the  ram-atr  system  may  operate  In  a  wide  range  of  al¬ 
titude-velocity  combinations  without  mer-pressurlzing  the  Ballute  or  programming  the  Inflation  gas, 
thus  reducing  the  structural  requirements  of  Ihu  fabric. 

Both  the  rate  of  Inflation  and  the  g  forces  imposed  on  the  payload  can  be  controlled  by  lliu 
size  of  the  inflation  orifice. 

H.  PACKAGE  BULK  FACTORS  FOR  THE  VARIOUS  INFLATION  SYSTEMS 

The  package  density,  or  the  ratio  of  lnflntlon  system  weight  to  volume  of  the  inflation  sys¬ 
tem, was  calculated  for  each  typo  of  system  as  follows: 

TYPICAL  PACKAGING  FACTORS 


Typo  of  System 

Density 

(lb/ft3) 

Hot -gas  generator 

60 

Cool-gns  generator 

05 

Fiberglass  sphoro,air  at  3000  psl 

35 

Titanium  sphere,  air  at  7000  psl 

59 

Steel  bottle,  air  at  D000  psl 
Sublimating  powders 

63 

ECHO  1  (b<'n*.;.|i  nr  id  and 

85 

initruquinonc) 

EClIOfl  (aeetanldc) 

72 

The  density  of  a  typical  hot-gas  generator  was  determined  from  limited  data  on  a  generator  proposed 
by  the  Frankford  Arsenal.  The  density  <>{  the  cool -gas  generator  system  was  determined  from  data 
on  a  McCormlck-Sclph  proposal  drawing.  Bottle  volumes  were  estimated  from  catalogue  data,  and 
the  total  weights,  Including  the  weight  of  the  compressed  air,  were  used  In  determining  densities. 


ASD-TDR -62-702  Pt  II 


120 


SECTION  8 


CON  FIGURATION  INVESTIGATION 


A.  GENERAL 

The  purpose  of  this  investigation  was  to  evaluate  ail  the  analytical  and  experimental  data 
and  to  conduct  an  optimum  conflguri-Lion  design  study, 

Figure  ild  is  presented  to  assist  in  the  description  of  the  design  study  conducted.  Major 
parameters  affecting  the  towed  inflatable  declerator  design  Include: 

(1)  The  descent  initial  conditions  (altitude,  velocity,  W/CjjA,  flight  angle. 

(2)  The  ballistic  coefficient  after  decelerator  deployment  (W/Cj)A). 

(3)  The  drag  area,  which  is  Influenced  by  the  size  and  drag  coefficient  (Cd)  (efficiency). 

(4)  The  drag  coefficient  (Cd),  which  is  influenced  by  <//d  (tow-line  longth  divided  by  pay- 
load  diameter),  d'/d  (decelerator  diameter  divided  by  payload  diameter),  and  the 
decelerator  nose  shape. 

(5)  The  aerodynamic  stability,  which  is  influenced  in  part  by  decelerator  shape. 

Factors  affecting  the  structural  and  weight  design  include: 

(1)  The  peak  loading  condition,  which  Is  Influenced  by  all  performance  parameters. 

(2)  The  peak  stress  condition,  which  is  influenced  by  the  loading,  size,  and  shapo  of  the 
decelerator. 

(3)  The  stross-to-wolght  ratio,  which  is  influenced  by  tho  aerodynamic  heating  tempera¬ 
tures  and  the  type  of  material  selected. 

(4)  The  weight  of  tho  docelorntor,  which  Is  Influenced  by  Iho  design  parameters  plus  the 
mlscollanoous  hardware  weights  such  as  tho  inflation  system,  if  required. 

Pi  im  to  showing  the  optimum  configuration  duslgn  details,  lliu  final  stress,  thermodyna¬ 
mic,  and  aerodynamic  results  are  presented  Those  results  wore  used  for  this  specific  design  con¬ 
figuration  study. 

B.  STRESS 

1 .  Spherical  Rallutes  with  Meridian  Cubic  Si. r. pension  System 

The  meridian  cable  sphcrlenl  type  of  drag  body  is  composed  of  a  fabric  envelope  and  a  cage 
of  meridian  cables  to  which  the  riser  line  is  attached.  The  fabric  envelope  is  fabricated  from  gores 
of  a  single-ply  fabric,  usuully  eul  with  the  thread  sets  at  45  degrees  to  the  gore  center  lines,  and 
seamed  together  along  the  meridians  of  the  sphere. 

Structural  analysis  of  the  spherical  drag  liody  is  greatly  dependent  upon  a  number  of  design 
details  which  have  little  or  no  effect  on  thermodynamic  or  aerodynamic  considerations.  Because  the 
sphere  is  a  stable  pressure  vessel  with  the  fabric  envelope  alone,  the  meridian  cables  do  not  need 
to  be  In  contact  over  the  entire  surface,  but  can  depart  on  a  tangent  at  some  angle  at  the  nose.  The 
nose  angle  then  becomes  a  structural  parameter.  In  such  a  design  the  behavior  under  load  is  gov¬ 
erned  by  tho  presence  or  absence  of  a  shear  bond  between  the  meridian  cables  and  the  fabric.  If 
there  is  no  shear  bond,  the  bias  angle  of  the  fabric  can  change,  resulting  in  a  change  in  the  meri¬ 
dian  arc  lengths  and  a  corresponding  change  in  the  circumference  of  the  equator. 

If  the  meridian  cables  are  bonded  to  the  fabric,  or  if  the  seam  tape-5  have  significant  length¬ 
wise  stiffness,  the  meridian  arc  lengths  cannot  ehango  very  much  under  load,  requiring  a  different 
analysis  than  the  cane  of  no  shear  bond.  A  similar  restrictive  effect,  although  more  localized,  is 
produced  by  the  stiffness  of  the  burble  fence  in  the  hoop  direction. 
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Another  parameter  affecting  the  analysis  of  a  spherical  drag  body  Is  the  presence  or  ab¬ 
sence  of  a  center  cable  connecting  the  front  and  rear  polos.  If  thoro  Is  a  center  cable,  the  length  of 
the  drag  body  must  remain  constant  under  load,  and  part  of  the  drag  force  is  taken  out  at  the  rear 
pole.  If  there  Is  no  center  cable,  all  of  the  drag  force  is  taken  out  at  the  nose,  and  the  length  of  the 
drag  body  can  change  under  load. 

Another  variation  in  the  spherical  shape  is  obtained  by  tailoring  the  fabric  envelope  to  one 
of  the  lsotensold  curves  of  Figure  8 A,  Reference  14.  For  small  values  of  k,  these  curves  are  nearly 
circular,  yet  produce  some  tension  in  the  meridian  cables  without  any  drag  load. 

Because  the  number  of  combinations  of  the  various  parameters  is  very  large,  investigation 
of  all  types  of  spherical  drag  bodies  is  not  attempted  here  (refer  to  Appendix  III  for  a  discussion  of 
various  sphere  drag  shapes),  The  following  analysis  applies  to  the  type  of  sphere  of  which  models 
were  built  for  the  Langley  tests.  It  Is  believed  that  the  resulting  weights  are  typlcul  of  othertypes  of 
spherical  drag  liudles. 


Figure  120,  Sphoro  Geometry  with  No  Drag  l,ond 


The  modol  (Figure  120)  Is  tailored  to  a  spherical  shupo  and  is  fitted  with  a  nuinbor  of  meri¬ 
dian  cables  to  which  the  riser  line  is  attuohud.  It  Is  assumed  that  thoro  Is  no  shear  bond  between  the 
meridian  cables  and  the  fabric.  Tile  cables  are  cut  long  enough  to  provide  a  CO-clcgrc^.  •tufclv,  «4V  iUU 
nose  with  no  load  on  the  model, 

The  sphere  Is  a  member  of  the  lsotensold  family  of  membranes  derived  in  Reference  14, 
Appendix  A,  for  the  special  caso  where  the  meridian  cnble  tension  is  aero.  In  order  to  carry  any 
drag,  of  course,  the  meridians  must  have  some  tension,  causing  the  shape  to  deviate  from  the  cir¬ 
cular  profile.  If  the  deviation  is  small,  the  now  profllu  Is  approximately  one  of  tho  family  of  curves 
shown  In  Figure  8A,  Reference  14.  Tho  approximate  shape  Is  obtained  ns  n  function  of  the  drag 
loading  by  means  of  tho  following  structural  model: 

Suppose  a  cage  of  n  meridian  cables,  each  carrying  load,  Tm,  Is  npplied  to  the  outside  of 
the  above  described  fabric  sphere,  carrying  pressure,  P.  Defining  the  quantity 


Pi?(u02 

the  pressure  vessel  formed  by  the  fabric  and  cables  takes  the  shape  of  one  of  the  profile  curves  of 
Figure  8A,  Reference  14,  with  outer  radius,  It’.  (It  is  assumed  that  the  burble  fence  does  not  re¬ 
strict  the  deformation  of  the  fabric. )  In  order  to  determine  H'  in  terms  of  R,  it  Is  assumed  that  the 
fabric  threads  and  the  meridian  cables  are  inextensiblo.  It  is  further  assumed  that  the  bias  angle 
can  change  slightly  without  causing  any  change  in  the  one  to  one  ratio  of  the  principal  stresses  in  the 
fabric.  For  small  changes  In  the  bias  angle,  the  elongations  in  the  hoop  and  meridian  directions  are 
equal  in  magnitude  and  of  opposite  sign,  If  the  change  in  bias  angle  is  assumed  to  be  constant 
throughout  the  surface,  the  sum  of  the  meridian  circumference  and  equatorial  circumference  must 
remain  constant  as  k  Increases.  For  k  =  0.  1,  Figure  3C,  Reference  14,  gives  the  length  of  the 
meridian  between  the  equator  and  the  pole  as  J.b3uR’.  The  length  of  one  quarter  of  the  equator 
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circumference  la  1.S71R'.  Adding  those  together,  3. 101R'  =  »R>  or  R'  a  1.0133R.  Similarly,  for 
k  -  0.2,  R'  =  1.0381R,  and  fork  ■=  0.3,  R'  -  1.0373R. 


Now  suppose  the  meridian  cables  on  one  end  are  cut  at  some  radius,  X(,  from  the  axis  of 
symmetry  and  Die  forces  Tm  are  applied  to  each  cable  as  shown  in  Figure  121.  In  order  to  maintain 
the  equilibrium  of  the  structure,  the  loading  between  the  removed  sections  of  cable  and  the  fabric 
must  bo  supplied  by  some  external  means,  This  load  on  a  circle  of  radius,  x,  (s  equal  to  •  nTm  sin  8 
(the  second  term  of  Equation  2A,  Reference  14),  From  Equations  5A  and  18A,  Reference  14, 


-nTmsin  6 


kP»R'2  I  x2/(R')21 
k  +  x/R' (1-k) 


and 


d(-nTmsin8) 


kPn(R')2 


jk  +  (x/R')  (1  - 

k*i((R’)z  ) 

X2 

1  ■  Tin* 

i  Q.jJfl 

1  P.’ 

k  +•  (x/R’)  (1  -  k) 

2 

Figure  121.  Structural  Model  with  Cables  Partially  Replaced 
by  External  Loads 


Dividing  the  load  differential  by  the  area  differential,  2nx  dx,  the  external  pressure  Is 


kP  ||k  +  (x/R')  (1-k) 

\-HP 

[k  +  (x/R’)  (1-k) 

|i 

The  structure  with  cables  partially  removed  and  external  loadB  applied  Is  shown  in  Figure 
131.  It  is  seen  that  the  external  pressure  is  similar  to  the  aerodynamic  loading  on  a  drag  body,  <n 
which  case  the  shape  closely  approximates  tho  shape  the  drag  body  of  Figure  1 20  takes  under  load. 

The  langency  point,  xt,  Is  determined  from  the  assumption  that  the  meridian  cables  are  in- 
extensihle.  From  Figure  120,  the  length  of  each  meridian  Is  seen  to  be 

R  [-^f+  tan  30°  |  =  3. 197R. 
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From  Figure  J?1,  the  length  Is 

n.(hmT  ,  Lt  xt  \ 

M  \-JjT-  +  R,  +  R.  cosflt  j 

where  lathe  length  of  arc  between  the  tarigcncy  point  and  the  equator.  Equating  these  two  lengths, 

{  Lm,,  ^  x»  \ 

3.1D7R,^ 

Equation  5Aand  1BA  of  Reference  14  give 


-x*2  /o2 

sin*‘  mT*  xt/ii"(i  kr 

For  any  value  of  k,  xt/R'  Is  determined  by  trial  from  the  above  two  equations  and  from 
Figure  8A,  Reference  14.  Whon  k  =  0.1,  it  was  previously  found  that  R'  =  1.0132R.  From  Flguro 
8A,  Reference  14,  Lmr/R'  *  1. 53  and  for  a  value  of  xt/R'  ■  0.80,  Lt/R'  =  0.  SO.  The  above 
values  satisfy  the  above  two  equations  for  =  -34.  2  degrees.  Similarly,  for  k  -  0.  2  and  0.  3, 
xt/R'  is  lound  to  be  0.67  and  0. 71  and  $t  18  -37.  5  and  -30,  2  degrees.  The  deflected  shapes  for  k  ■  0, 
0. 1,  0. 2,  and  0. 3  are  shown  in  Figure  122. 

The  drag  on  the  drag  body  is  found  from  equilibrium  of  the  joint  between  the  meridian 
cables  and  the  riser  line: 

D  »  nTm  cos  0 , 


whOiO 

01  -  0t  +  00". 
Dividing  by  PnR'9, 


k  cos  0  |,  ■  k  cos  (df  +  80°)  =  -k  s in  6 1 

(R')2 


where 

J  °  PhrS”- 

Using  the  previously  determined  values  ot  0t  and  R’/R,  J  Is  obtained  from  the  above  equa¬ 
tion  for  various  values  of  k: 


J 

k 

0 

0 

0.0578 

0.1 

0.128 

0.2 

0.204 

0.3 

The  required  pressure  is  determined  by  the  allowable  distortion  of  the  drag  body.  Figure 
122  Indicates  that  at  k  =  0.  3  the  cross  section  has  departed  considerably  from  the  original  circle 
and  this  value  Is  chosen  arbitrarily  as  the  limiting  value,  k  is  plotted  ns  a  function  of  j  in  Figure 
123. 

2.  Hemispherical  Ballutes  with  Tucked  Back 

In  the  hemisphere  model,  (Figure  1 24)  the  front  half  is  a  fabric  hemisphere  with  no  meridian 
cables.  The  riser  line  passes  through  a  sliding  fitting  at  the  nose  and  is  attached  to  the  rear  pole  of 
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NUMBERS  ON  CURVES  ARE 
VALUES  Of  k. 


Figure  133.  Deflected  Shape  of  a  Spherical  Drag  Body  under  Various  Loadings 


♦  SIGNS  OESIGNATE  DESIGN  VALUES. 


Figure  123.  Cable  Tension  Parameters  versus  Drag  to  Pressure  Force 
Ratio  for  Four  Drag  Body  Configurations 
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Figure  124.  Hemisphere  Model  Geometry 


the  model.  It  Is  necessary,  therefore,  for  the  rear  half  to  have  meridian  Btraps  In  order  to  carry 
the  riser  line  load.  Because  the  straps  do  not  extend  beyond  the  equator,  they  must  be  bonded  to 
the  fabric  envelope.  It  Is  deslrahlo  that  the  model  be  a  Rtablo  pressure  vessel  with  no  drag  load 
(j  »  0),  avoiding  the  necessity  of  controlling  the  pressure  throughout  the  trajectory. 

The  above  requirements  can  be  satisfied  by  making  the  rear  profile  one  of  the  curves  of 
Figure  8A,  Reference  14,  except  that  such  a  shape  would  cause  a  discontinuity  between  the  front 
half  and  the  rear  half  of  tho  model  at  the  oquntor.  (In  the  front  half  all  the  moridlan  stress  Is  car¬ 
ried  by  the  fabric;  in  tho  roar  half,  part  would  bo  carried  by  tho  fabric  and  purt  by  the  meridian 
straps.  In  addition,  the  gore  radii  of  the  rear  half  would  not  match  tho  circular  cross  section  of  tho 
front  hemisphere. )  What  Is  needed  in  a  rear  profile  In  which  rnoBt  of  the  meridian  stress  Is  carried 
by  tho  straps  near  tho  pole  and  by  Hie  fabric  near  tho  equator.  Such  a  membrane  is  not  an  lsotonsold, 
but  can  bo  formed  with  the  rosults  ot  tho  lsotonsold  analysis  of  Appendix  A  of  Reference  14,  by 
lotting  k  vary  with  x/R, 

Table  1A  of  Reference  14  gives  values  of  the  derivative  of  tho  profllo  curve  In  tho  case  of 
P  »  0  for  various  values  of  x/R  and  k,  In  tho  caso  of  an  lsotonsold,  tho  derivative  is  plottod  vorsuti 
x/R  for  u  constant  value  uf  k  and  iho  profllo  curve  Is  obtained  by  graphical  Integration.  A  curve  for 
variable  k  can  be  obtained  In  the  same  way  by  choosing  tho  proper  values  of  tho  derivative.  The 
following  values  are  selected  for  tho  rear  profile; 


x/R 

k 

dy/rtir 

n 

0.9 

0 

0.  1 

O.B 

-0.011 

0.2 

0.9 

S.  0433 

0.3 

O.B 

-0. 0972 

0.4 

0.  9 

-0. 1727 

0.5 

0.9 

-0.  2728 

0.6 

0.9 

-0. 4046 

0.7 

O.B 

-0.5853 

0.5 

0.6 

-0.9863 

0.9 

0.4 

•  1.6981 

0.95 

0.2 

-2.7579 

1.0 

0 

««> 

Between  x/R  = 
radius,  R.  Between  x/R 
by  graphical  Integration. 


1  and  x/R  -  0. 95,  the  curve  Is  closely  approximated  by  a  circular  arc  of 
=  0.95  and  x/R  =  0.  7,  the  derivatives  are  plotted  and  the  curve  is  obtained 
Between  x/R  =  0.  7  and  x/R  =  0,  the  curve  is  the  Isotensold  for  k  =  0.  9 


and  Is  traced  from  Figure  8A,  Reference  14.  The  resulting  curve  is  shown  In  Figure  125. 
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Figure  125.  Profile  Curve  for  P  =  0  for  Various 
Values  of  x/R  and  k 


When  a  load  la  applied  to  the  riser  line,  the  rear  half  of  the  drag  body  must  deform,  Ue~ 
cauae  the  deformation  takes  place  primarily  between  x  =  0  and  x/R  =  0,7,  where  the  rear  profile 
Is  an  lsotonsold,  tho  approximate  deflected  shape  for  any  given  load  can  be  obtained  from  the  per¬ 
turbation  analysis  of  Reference  14,  Entering  Figure  3C  of  Reference  14  for  k  =  Q,  9  and  P  =  0,  the 
following  values  ar  e  obtained: 

Lm/R  =  1.325 

yg/R  =  0.  615. 

It  Is  assumed  that  as  the  membrane  deflects,  the  arc  length  of  the  meridians  remains  con¬ 
stant,  Suppose  Ihe  deflection  is  such  that  p/k  =  1/5.  Entering  Figure  3C  of  Reference  14  for 
p/k  «  1/5  and  Ln,/R  a  1. 325,  it  is  estimated  that  k  +  P  -  0, 64  and  yo/R  =  0,  543.  The  equations 
k  +  p  =  0,84  and  p/k  =  1/5  give  k  *=  0.  533,  P  *  0, 1067.  The  deflection  at  the  pole  Is  equal  to 
(0,816  -  0.543)  R  «=  0.072R.  Similarly  for  p/k  =  1/2,  the  curve  Is  defined  by  k  *  0.36  and 
P“  0, 18,  and  the  deflection  is  0, 197R. 

Using  the  method  of  estimating  profile  curves  described  in  Reference  14,  the  deflected 
shapes  are  obtainod  and  are  shown  along  with  the  undoflectcd  shape  of  the  drug  body  in  Figure  126. 
Docauso  all  tho  riser  lino  tension  Is  taken  out  of  tho  rear  pole,  p  «  j  for  this  model.  Using  the 
above  values  of  P  =  J  and  k,  j  is  platted  versus  k  In  Figure  123. 

The  curvo  for  j  »  0. 18  is  chosen  as  the  maximum  useful  deflection. 

3.  Optimum  Design  Bullutes 

The  optimum  design  Is  a  two-polo  type  drag  body,  diacussod  in  Reference  14.  Equation  7 
of  Reference  14  becomes 

J  -  k  cob  0  j  +  p 


cosflj  ' 

For  a  ram- Inflated  design,  the  definition  of  J  becomes 

,  __cn  _ 

J  "  ci,-~cPr 

where  the  drag  coefficient  and  pressure  coefficients  are  obtained  from  aerodynamic  analysis  for 
various  points  In  the  trajectory.  The  values  of  j  thus  obtained  In  general  arc  not  cqunl  for  nil  points 
In  the  trajectory.  If  this  Is  the  case,  the  value  that  1b  used  to  determine  k  Is  cither  a  mean  value  or 
the  value  at  maximum  dynamic  pressure,  whichever  gives  the  lower  drag  body  weight. 

The  value  of  0\  that  is  chosen  depends  on  the  doBlrcd  Bhape  of  the  front  half  of  the  drag 
body.  If  the  nearly  straight  portion  of  front  profile  Is  desired  to  have  a  given  cone  angle,  then  a 
value  of  0]  smaller  than  the  desired  cone  angle  must  be  chosen. 

Knowing  j  and  0\,  k  Is  obtained  from  the  above  equation  and  the  rear  profile  shape  is  de¬ 
rived  using  the  analysis  of  Reference  14,  Appendix  A.  The  pressure  distribution  over  the  front  of 
the  drag  body  must  be  known  In  order  to  derive  the  excel  front  profile,  but  an  estimated  shape  can 
be  obtained  easily  as  described  In  Reference  14. 

After  the  design  shape  of  the  drag  body  Is  obtained  lor  the  chosen  value  of  j,  the  perturba¬ 
tion  analysis  of  Reference  14  is  necessary  to  determine  the  behavior  of  the  drag  body  for  different 
values  of  j, 
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The  above  method  is  now  applied  to  two  typical  design  conditions.  It  is  desired  that  tlte 
angle  of  the  straight  part  of  the  front  profile  be  40  degrees; 

For  the  first  condition  the  following  values  are  given: 

Cjj  a  0.75 

Cpj  =1.0 

Cpr  »  0 
p  =0. 

It  follows  that  I  =  0.75/1.0  =0,75  Chuoslng  a  value  of  Si  ■  30°,  k  ■  0.76/0. 860  = 

0  866. 

For  the  second  conditio  \  the  given  values  arc 


Cd 

=  0.75 

Cpj 

•  1.0 

Cp, 

a  0 

p 

a  0.75k 

It  follows  that  j  =  0.79/1.0  -  0.75.  Choosing  n  value  of  ■  25°,  k  ■  0.453  and  />=  0.  34, 
4.  Conical  Ballutes 


Figure  127.  Tailored  Geometry  of  Plain  Back  80-Degree  Cone 


a.  Convex  Back  80 -Degree  Cone.  The  80-degree  cone  (Figure  127)  is  constructed  with  a  single- 
ply  fabric  and  meridian  cables  In  much  the  same  way  as  the  spherical  design.  Inflation  pressure  Is 
maintained  by  ram  air,  which  enters  the  drag  body  through  a  metal  ring  at  the  nose  or  through  in¬ 
lets  at  the  equator.  The  metal  ring  also  serves  to  transmit  the  riser  line  load  to  meridian  cables 
and  fabric. 

The  rear  half  of  the  drag  body  is  an  Isotensoid  membrane  having  the  parameters  k  =  0.  5 
and  P  =  0.  The  derivation  of  this  curve  is  given  in  Reference  14,  Appendix  A,  and  the  curve  is 
shown  in  Figure  8A,  Reference  14.  The  front-half  profile  is  formed  bv  the  mirror  Image  of  the  rear 
curve  between  the  equator  and  the  point  where  this  curve  Is  tangent  to  an  80-degree  cone,  which 
forms  the  rest  of  the  front  profile.  This  particular  shape  is  analyzed  here  because  it  matches  the 
wind  tunnel  models  that  GAC  has  tested. 


ASD-TDR-62-702  Pt  H 


130 


In  operation  the  pressure  loading  on  the  outside  of  the  drag  body  varies  from  the  nose  to  the 
equator  and  is  constant  from  the  equator  back.  The  pressure  distribution  therefore  satisfies  the 
constant  pressuro  assumption  that  was  made  in  the  derivation  of  the  rear  profile. 

Present  design  practice  is  to  derive  un  isotonsold  surface  fur  the  front  half  by  approximat¬ 
ing  the  variable  pressure  with  a  step-function  distribution  as  shown  in  Appendix  B  of  Reference  14. 

A  typical  curve  rosultlng  from  such  a  derivation  is  shown  hr  Figure  3B,  Reference  14,  This  curve 
has  a  concave  portion  at  the  nose,  a  portion  that  is  nearly  straight,  and  then  a  convex  portion  at  the 
equator.  When  a  curve  of  this  type  Is  used  lor  the  profile  of  a  drag  body,  the  radius  of  curvature  at 
the  equator  must  be  the  same  as  the  curvature  of  the  rear  profile  at  the  equator  in  order  for  the  two 
curves  to  be  compatible.  Although  the  frouL  profile  curve  of  Figure  127  was  not  derived  as  an  lao- 
tensoid,  it  has  tho  same  characteristics  in  that  the  curvature  of  the  equator  is  the  same  as  that  ol 
the  rear  profile  and  the  remainder  of  the  curve  is  a  straight  lino.  The  concave  portion  of  the  curve 
is  missing,  but  most  or  nil  of  this  portion  would  be  in  front  of  the  inlet  diameter  and  would  there¬ 
fore  be  cut  off  anyway.  By  choosing  the  proper  pressure  distribution  and  nose  angle,  therefore,  the 
front  profile  of  Figure  127  can  be  approximated  by  un  isotonsold  surface  with  the  same  stresses  as 
the  rear  surface.  If  it  is  assumed  that  tho  ruquired  pressure  distribution  is  close  to  the  actual 
pressure  distribution  that  the  drag  body  receives  in  operation,  It  remains  to  determine  the  noBe 
angle,  flj,  ol  the  extended  curve. 

Tho  noso  angle  is  determined  irom  tho  requirement  that  tho  Blope  of  the  curve  is  40  de¬ 
grees  at  tho  nose  ring  radius  of  0. 234R.  Summing  forces  on  the  nose  ring, 

JnTm  +  2ir  (0,  234R)f]  cos  40°  «  D,  or  dividing  by  P#R^  and  substituting  for  f  from  Equa¬ 
tion  1A  of  Reference  14, 

Ik  +  (0.234)  (1  -k-  p )] (0. 708)  ■  j. 

For  k  ■  0.  B,  p  •  0,  and  J  ■  0.474,  Equation  7  of  Reference  14  then  gives 

cos  A  i  ■  J/k  ■  0.948,  or  »  19°. 

The  value  of  19  degrees  is  consistent  with  the  requirement  that  the  noBe  portion  of  the  curve 
la  concave. 

Tim  value  of  J  *»  0.474  is  the  only  value  for  which  tho  configuration  of  Figure  127  in  etruc  - 
tu rally  stable.  If  j  deviates  from  this  value,  tho  drag  body  changes  shape  until  «  new  equilibrium  is 
rnarhod  The  perturbation  analynts  of  Reference  14  in  now  applied  to  determine  the  changes  in  J 
corresponding  to  small  chsngea  in  the  shape  of  the  drag  body.  For  this  analysis,  the  radius,  R, 
is  assumed  to  remain  constant,  'i.ot 

dyof  dLm„ 

— = —  ■  0.05.  Equation  20  of  Roforonce  14  gives — h-E-»  -0.0383. 

tv  rv 


Figure  3C  of  Reference  14  gives 
Lmr 

— g —  =  1 . 402  for  k  =  0, 5,  p  =  0. 


Adding 


dL, 


mr 


the  new  value  of- 


■‘mr 


is  1.  364, 


which  corresponds  to  a  value  of  k  =  0. 88,  p  =  0. 
ingrj/R  =  0.234,  dk  =  0.18,  cos  =  0.768,  k 


It  follows  that  dk  =  0. 68 
=  0.  5,  and 


0.5 


0. 18.  Substitut- 
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dy0f 

■  R-  ■  0.05  Into  Equation  21  of  Reference  14, 

d]  «  (1  -  0. 224)  ((0. 18)  (0. 766)  -  (0.  S)  (3. 05)  (0.  265)j  -  (<0.  234)  (0. 05)  (0.  265) J 
d)  =  0.097, 

and  the  new  value  of  j  is  0, 474  +  0. 067  »  0, 571. 

dyof  di.m 

Let  ~ ftrj-  “  -0.05,  Equation  20  of  Reference  14  give  — ^ —  ■  0.0383. 

The  new  value  of 
^mr 

is  1.402  +  0.0383  *  1.440. 

Figure  3C  gives  k  •  0. 38,  or  dk  «  0. 36  -  0.  5  =  -0. 14,  Substituting  Into  Eauatlon  21  of  Reference 

14. 

dj  »  (1  -  0. 234)  |(-0. 14)  (0.  766)  -  (0.  5)  (-0. 05)  (0.  265)]  -  [(0.  234)  (-0. 05)  (0.  265)| 
dj  -  0.074, 

und  the  new  value  of  J  Is  0,  474  -  0. 074  >0. 40. 

Figuro  12B  shows  the  equilibrium  shapes  for  various  values  of  j.  k  1b  plotted  a  function 
of  J  for  the  80-degroe  cone  with  plain  back  in  Figure  123. 


Figure  128.  Equilibrium  Shape  of  Plain  Back  80-Degree  Cone  for  Various  Values  of  J 
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b.  Tucked  Buck  80-Donroe  Cone,  The  tucked  design  (Figure  129)  is  similar  to  the  plain  back, 
except  that  the  rear  profile  has  values  of  k  =  0,4  and  Pb  0,3  (see  Figure  5A,  Reference  14).  Again 
summing  forces  on  the  nose  ring, 

[nTm  +  2jy  (0.  834R)f  ]  cos  40°  +  Tc  =  I),  or  dividing  by  PirR^  and  substituting  for  f  from 
Equation  1A  of  Reference  14, 

(k  +  (0.234)  (1  -k  -p)l  0.760  +  P  =  j. 


Figure  122.  Tailored  Geometry  of  80-Dogrco  Tucked  Cono 


Substituting  k  *  0,4  and  p  ■  0.  3  and  J  =  0.000,  Equation  7  of  Reference  14  givos 
eon<?i  ■  ■  0.901,  or  0\  «  20. 9°. 

As  in  the  case  of  the  plain  buck  enno  model,  the  tucked  BO-dcgrco  cone  (Figure  129)  in 
structurally  stable  for  only  one  value  of  ]  o  0.880,  Chuugus  in  J  corresponding  to  small  changes  In 
shape  are  now  dotormlnod  from  the  perturbation  analysis  of  Roforcnco  14. 

dyor  dLm 

Lot— — ■  0.10.  Equation  17  of  Reference  14  glvus — ■»  0.0706,  Fork  -  0,4  and 


P-  0.3,  Figure  3C  of  Reference  14  gives 


»  0.126, 


1 . 335. 


V0r 

The  now  value  of  Is  0. 128  +  0.  10  ■  0.  228, 


and  the  now  value  ol 


or  k  =  0.  259  and 
dk  =  -0. 141,  d p 


1.335  +  0.0786  *  1.412.  These  values  correspond  to  k  + 

P  =  0.  229.  dk  =  0. 259  -  0. 4  =  0. 141  and  d  =  0. 229  -0. 
+  -0.071,  k  *  4,  p  =  0.3,  fil  =  40°,  rj/R  =  0.234,  and 


P 

3 


0.488  andp/k  =0  885, 
-0.071.  Substituting 


«yo( 

— =  C.  10  into  Equation  19  of  Reference  14, 

dj  =  -0.071  -  [(0.141)  (0.766)]  i  [(0.  4)  (0. 10)  (0,  265)]  -  (0.234)  [(-0.212)  (0.766)  + 
(0.3)  (0.265)  (-0.10)] 
dj  =  -0.128,  j  +  dj  =  0.532. 
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U,  06.  Equation  11'  Reference  1 4  gives 


-0.  0383, 


Let 


The  new  value  of 


yor 

R 


is  0.128  -0.05 


0.078,  and  the  new  value  of 


is  1.297. 


Figure  SC  of  Reference  14  gives  k  t  8o  0.84,  P/k  »  0.680,  or  k  =  0. 5,  0.34.  dk  «  0.5 

-0. 4  «  0. 1,  and  dp  «  0.  34  -  0, 30  =  0.04,  liquation  10  of  Reference  14  gives 

dj  <=  0.04  +  ((0.1)  (0.786)  |  -  j(Q.4)(Q. 0B)  (0.285)]  '[(0.234)  (0. 14)  (0.766)  + 

(0. 3)  (0. 285)  (0.  OR)} 


dj  *  0. 085,  j  +  dj  -  0. 745. 


Figure  130  shows  the  equilibrium  shapes  for  various  values  of  j,  k  is  plotted  aa  a  function 
of  ]  for  the  80-degree  cone  with  tucked  back  in  Figure  123. 


Figure  130.  Equilibrium  Shape  of  Tucked  80 -Degree  Cone  for  Various  Values  of  j 


5.  Eighty- Degree  Airmat  Cone 

The  dimensions  of  the  Airmat  cone  are  shown  in  Figure  131. 

The  Airmat  cone  is  formed  by  two  fabric  cones  which  have  the  same  apex  but  different  cone 
angles  and  are  connected  at  the  outer  radius  by  a  segment  of  a  torus  of  cross  section  radius,  r.  The 
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Figure  131.  Atrmat  Cone  Dimensions 


fabric  cones  are  connected  together  over  the  remainder  of  their  areas  by  a  system  of  closely  spaced 
threads  called  drop  threads.  The  drop  threads  are  perpendicular  to  the  35-dogroe  lino,  and  if  ex¬ 
tended  would  pass  through  tho  axis  of  symmetry  of  tho  drag  body. 


From  iho  geometry  of  Figure  131,  it  is  seen  that 


r  sin  35° 


s in  b°,  or-£  -  0, 1318. 


It  is  assumed  that  tho  drag  results  from  a  uniform  aerodynamic  pressure,  P,  over  tho 
front  of  the  cone,  It  follows  that  P  »  Cjjq.  Figure  132  shows  a  segment  of  the  drag  body  cut  in  such 
a  way  as  nol  to  cut  any  drop  threads. 


Figure  132.  Loads  Acting  on  a  Segment  of  ar.  Atrmat  Cone 


ASD-TDR-62-702  Pt  II 


135 


The  thickness,  ta,  «<  the  Airmat  at  any  radius,  x,  Is  given  by 


2x  tan  5° 
sin  35° 


0.  304x, 


The  outer  radius,  Xo,  Is  equal  to 

x  +  -y-  cos  35°  -  x  +  — cos  35°  «  1. 125x,  and  the  Inner  radius,  xj,  is  equal  to 
x  -  ta/2  cos  35°  =  0.875x.  Summing  forces  horizontally  in  Figure  132, 

C’Dqir  (R2  -  xq2)  +  P^Ax  -  2n  (x0fo  coh  4fl°  +  xifi  cos  30°) 

where  Ax  is  the  frontal  projection  of  the  annular  area  uver  which  the  Internal  pressure,  P j,  acts. 

Ay  is  equal  to  t(xq^  -  xp)  =  irxz  (1. 1252  ••  O.B752)  =  hxz/2. 

Substituting  for  xo,  xi  and  AXl 

2 

Coqir  (R2  -  l,266x2)  +  — — =  2nx  (0. 8fllf0  +  0. 758fj). 

Determinntion  of  the  stresses  f,,  and  fj  Ir  a  statically  indetormlnute  problem  which  is  be¬ 
yond  the  scope  of  this  work.  For  purposes  of  determining  thu  weight  of  the  drag  body,  it  is  suffi¬ 
ciently  accurate  to  assume  that  they  are  equal.  The  above  equation  then  becomes 

Coqir  (R2  -  1.288x2)  +  — y-  -  3.  24tixtj 

where  lj  la  the  mendiun  miw.  In  one  skin.  Treating  the  Air  mat  as  simply  a  conical  shell,  the  hoop 
stress  caused  by  the  extornul  pressure,  Coq  ts  equal  to  approximately  -Ciypc/cos  38°.  Thu  sum  of 
the  hoop  stresses  In  the  Inner  and  outer  cones  is  Pjta  due  to  the  Internal  presmirn,  P|,  Using  n  fac¬ 
tor  of  safely  of  1.8  on  wrinkling, 

cos  3ft" 

Substituting  t  •»  0,  304x,  Pj  »  8.02Coq. 

Substituting  for  Pi  Into  the  equation  of  horizontal  equilibrium, 

Cuq  (R2  +  1 . 74x2)  »  3.24  xfi 

.  Coq(Ra+  1.74x2)  Cuq  , 

*1  ’  Ofi - -  T2ft  (R  /x  +  1'74X,< 

Suppose  an  element  is  taken  out  of  the  free  body,  as  shown  in  Figure  133. 


dx 


Figvire  133.  Taking  Element  from  Free  Body 
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The  total  fabric  area  of  this  element  Is  approximately  2n(xj  +  x0)  clx/sln  35°,  or  Sirs  (l.litfi  +  0,375) 
dx/0.  574  -  6.99ir  xrtx.  The  weight  of  this  element  (meridian  threads  only)  Is 


OW 


m 


<1  (FSi  dA 
2kf 


(assuming  a  constant  factor  of  safety  throughout  the  drag  body)  where  kf  is  the  strength  to  weight 
ratio  of  the  fabric  as  though  it  had  two  identical  thread  sets.  Substituting  for  dA  and  f j ,  and  using  a 
FS  of  2.0, 

(2)  CUq  (R2/x  +  l.  74x)  (6,  99ttxdx) 
dWm  ”  (2)  (3.  24  kf) 

or 

„„  6,77  Cd<!  (R2  i  1.74x2)  dx 

aw">  =~  EJ 

The  actual  drag  Iwdy  must  have  a  rigid  fitting  at  the  nose.  If  the  weight  of  thlR  fitting  is  the 
same  as  the  fabric  it  replaces,  the  total  weight  of  the  meridian  elements  of  the  drag  body  is 

Wm  =  JdWm  =  (R2  ♦  1  74  x2)  dx 


or 


Wr 


6.77  CDq  (1.58)  R3 
- 


10.  7  CQq  R3 
_ 


The  sum  of  the  hoop  stresses  In  the  Inner  and  outer  skins  wuh  given  previously  ns  P|ta  = 
1.5Coqx/cos  35°  *  1,83  Coqx,  Again  assunilng  that  the  hoop  stress  divides  evenly  between  the 
inner  and  outer  skins,  f2  *  l’itn/2  =  0.915  Cuqx  where  f2  is  the  hoop  stress  in  one  skin.  The 
weight  of  the  hoop  threads  in  litis  element  is 


dw„  . 

2kf 


Substituting  dA  »  6.99i;xdx,  FS  =  2,  fa  »  0,915  C[)qx, 

20. 1  Cq,  x2dx 
dWH  - - k- - 

Again  integrating  from  0  to  R, 

w„  fR  C«S! 

H  kf  J  o  kf 

The  total  weight  of  the  Alrmat  cone  is 

...  17.4  CoqR3 

W  =  kf 

0.  Torus  With  Curtain 

A  general  analysis  of  the  torus  with  curtain  is  given  in  Reference  14.  For  simplicity,  a 
uniform  pressure  is  assumed  to  be  acting  over  the  front  side,  producing  a  drag  equal  to  D^PaRij2. 
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It  follows  Uwt  P  »  CDq. 


The  curtain  profile  choaen  is  a  constant  pressure  Isotensold  membrane  liavlng  the  para¬ 
meter  k  =  9  »  0.45.  Equation  34  of  Reference  i4  gives 

R4/R  =  -JT  b  0,071. 

The  torus  cross  section  radius  is  chosen  equal  to  R4/12,  and  the  nose  radius  Is  equal  lu 
R4/B,  The  resulting  drag  body  profile  is  shown  in  Figure  1 34,  in  which  the  eccentricity  of  the  cur¬ 
tain  load  on  the  torus  is  mado  approximately  zero  by  placing  the  center  line  of  the  torus  cross  sec¬ 
tion  on  the  skirt  profile  curve.  The  profile  curve  intersects  the  torus  at  x/R  ■  0. 51  and  0  =  22. 3°. 
The  meridian  stress  at.  any  radius,  x,  1b 


Figure  134.  Profile  Curve  of  Torus  with  Curtain  Drag  Body 
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Substituting  2f/PR  =  1  -  k  -  p  (Equation  1A  of  Reference  14)  and  k  =  nTln/FnR^, 

2fi  ,  .  „  ^  kR 

PI t"  — 

Substituting  k  =  p  -  0.45  and  x/R  =  0.51, 

■Sr-  0*1  ♦if-o.w 

or 

fl  =  0.491  PR. 

The  radial  component  of  this  stress  is  fj  cos  22.  3°  =  0.  455  PR.  The  radial  loading  pro¬ 
duces  a  compressive  load  in  the  torus  equal  to  (Q.455PR)  (0.  5JR),  The  jircsnnro  load  nn  the  l"nm 
cross  suction  is  P^nr^,  where  Pi  ia  the  torus  pressure.  Using  a  factor  of  safety  of  1.  5  to  prevent 
wrinkling, 

Ptxrt2  ..  (1.5)  (0. 4B6PR)  (0.  51R). 

It  was  previously  given  Unit  rj  =  R4/12  and  R4  =  0.071R,  which  gives  rt  »  0.056R.  Sub¬ 
stituting  into  the  above  equation, 

pt  =  lb--)(0-45G)i°.,S1)P  .  35.  3  P  -  35.  3  CDq. 

It(0.066r 

TI10  principal  pressure  stressco  In  Iho  torus  are  approximately  equal  to  Ptrt  *  (35.  3P) 
(K4)/12  •»  2.  64  PR4  and  Ptrt/2  =  1.47  PR4.  In  any  specific  design,  the  torus  would  have  to  bo 
chockod  for  olastlc  stability  under  the  radial  load.  Elastic  stability  is  nut  considered  in  this  para¬ 
metric  study  becauso  of  the  difficulty  of  predicting  the  elastic  properties  of  the  matorialB  in  para- 
nuiti  ie  fu»m.  This  Is  not  botlovediooffoct  the  total  woight  of  tho  drag  body,  however,  becauso  If 
buckling  Is  encountered  11  can  be  corrected  by  increasing  tho  value  of  ri/R4.  A  higher  value  of 
rt/R4  would  result  in  more  torus  area,  but  this  would  be  compensated  by  a  lower  torus  prossure, 
resulting  in  approximately  the  smile  torus  weight, 

7.  Weight  Analysis 

a.  General.  In  analyzing  tho  weights  of  the  various  configurations.  It  Is  assumed  that  tho 
critical  point  in  the  traloctory  occurs  nt  maximum  dynamic  pressure. 

b.  Isgtenanld  Shapes.  The  weight  nnalysls  of  isotcnsold  drag  bodies  is  given  in  Reference 
14,  Equation  35  of  Reference  14  gives  the  weight  of  the  fabric  envelope  as 

W|  -  RD  (Af/rR^Hl  -  k  -p)  (F3)  _ 

For  the  Isotcnsold  shapes  considered  here,  the  fabric  area,  A{,  Is  approximately  4rf{2  and 
a  factor  of  safety  of  2.0  is  used.  Substituting  j  «>  U/PwR2,  the  fabric  weight  expression  becomes 

....  _  4PXR3  (1  ••  k  -  p) 

- ej— - — -  • 

Equation  37  of  Reference  14  gives  the  cable  weight  as 


Substituting  D  =  JPitRZ,  and  FS  =  2.  0, 
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2jPnR3l[(y)(-g)l 

ke 


The  total  weight  Is  given  by 


W  =  PuR3 


4(1  -  k-p) 
k( 


(I)  Sphere.  For  the  sphere  that  is  analysed  In  the  Stress  and  Deflection  Analysis  section, 
pa  0,  k  ■  0.3,  and  ]  »  0.204.  The  sphere  Is  equipped  only  with  meridian  cables,  whose  tension 
is  Tm  and  whose  length  is  3, 197R,  The  quantity 


«Tm 

is  therefore  equal  (u  (3. 197)  -g— 


or  (3.197)(-j^ 


The  expression  for  total 


weight  becomes 

w  -  p,M  [lyi .  KiiWlBi!.] 


w  .  p,r3  [4j». .  Ijil] 

(2)  Eighty-Decree  Cone  with  Plain  Back.  For  the  plain  back  cone,  p  -  0.  It  too  has  only  meri¬ 
dian  cables  the  length  of  which  is  approximately  irR.  The  quantity 

X  [fir)  (“B")]  bocu,nea  approximately  ,  The  total  wolght  expression  bocomoB 

(3)  Eighty-Degree  Cone  With  Tucked  Back,  The  tucked  back  cone  has  u  center  cable  an  well 
as  meridian  cableB.  The  center  cable  length  is  approximately  1. 2R,  and  its  load  is  equal  topPirH2. 
The  quantity  X|(l/H)  (T/D)]  for  the  center  cablo  and  iho  meridlnn  cable  is  equal  to  (1. 2 p)  (J)  + 
(*k)/(J).  The  total  wolght  expression  becomes 

W  =  PnR3  y  ffk)j 

(4)  Hemisphere.  The  spherical  surface  of  the  hemisphere  {all  of  the  front  half  and  the  rear 
half  between  x/R  "  0.95  and  1.0)  has  a  stress  of  approximately  PH/2  if  the  aerodynamic  pressure 
is  small  compared  to  the  internal  pressure.  The  rear  surface  of  the  drag  bodv  requires  lighter  fab¬ 
ric  than  the  spherical  area,  but  must  have  meridian  straps  also.  If  it  is  assumed  that  the  weight  of  the 
rear  surface  between  x/R  E-  0  and  0.  95  Is  the  same  as  the  weight  of  a  spherical  segment  of  fabric 
alone,  the  weight  of  the  drag  IwUv  is  tho  same  as  the  weight  of  a  sphere  containing  pressure,  P.  The 
fabric  weight  per  unit  area  equal  to  l‘R(FS)/2kf,  mid  the  area  is  4ur<2  Using  a  factor  of  safety  of 
2,  the  total  weight  of  the  fabric  Is 

W  =  4RiTRS 
m 

where 
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(5)  Torus  WUh  Curtain.  The  fabric  stress  In  the  curtain  is  given  by  Equation  (1A)  of  Reference 


14. 


Ik  =  1  -  k  -  p  =  0. 1  or  f  »  , 

The  curtain  a:roa  Is  approximately  0.  5ttR2,  Using  a  factor  of  safoty  of  2, 0  for  the  fahric, 
the  fabric  weight  is 

u,  _  (PR/20)  (0.  6itr2)  (2)  _  PirR3 
wf  ~  k{  iOkf  ’ 

The  meridian  coble  tension  is  equal  to  nTm  =  kPirR3  »  0.  45PtrR3  for  all  cables.  The  length  of  one 
cable  is  approximately  0.65R.  Again  using  a  factor  of  safety  of  2.0,  the  cable  weight  is 

_  (0.45PffR2)  (0.85R)  (2)  0.  585PnR3 

wc  "  E7  ' 

The  total  weight  of  the  curtain  Is 


wcurtain 


PitrS  ^ 


1 

"iSOkf 


0.  585\ 
kc  ) 


+ 


a,  07  \ 

"kc  /  ' 


The  torus  area  is  approximately  equal  to  (2ir)  (0.  59R)  ( 2nrt ), 


or 

2n(0.5fl)(^L)  -  2. 9  R42. 

The  stresses  hi  tho  torus  woro  found  respectively  to  bo  2.  94  PH4  and  1,  47  PR4  .  The 

weight  required  Is  tho  same  as  if  bath  stresses  were  oqual  to  tho  average  value  of  2. 2  PR4.  Using 

a  factor  of  safety  of  2,  tho  torus  woight  Is 

(2. 2  PR 4)  (2,  9R42)  (2)  12.8  PR43 

"torus  *  "  "  iTf  ’ 


and  tho  total  weight  is 

where 

P  ■  Cuq. 

(6)  Alrmat  Cone.  The  weight  analysis  of  the  Airmat  cone  is  given  in  C4  of  this  section. 

C.  THERMODYNAMIC  CONFIGURATION  ANALYSIS 
1 .  General 

Aerodynamic  heating  of  thermally  thin  spheres  and  blunted  40-degree  half-angle  cones  at 
altitudes  from  80, 000  to  200, 000  feet  and  at  Macli  numbers  from  2  to  10  was  analyzed.  The  analysis 
included  the  effects.  If  any,  of  a  forebody  and  considers  turbulent  and  laminar  flow.  Test  data  from 
GAC  Mach  10  Ballute  tests  at  the  von  Kdrm£n  Gas  Dynamics  Facility,  Arnold  Engineering  Develop¬ 
ment  Center,  was  used  to  determine  effects  of  a  forebody  on  aerodynamic  heating. 

The  objective  was  to  provide  temperature  information  to  assist  in  functional,  structural, 
and  environmental  design  optimization  of  a  Ballute  used  in  the  specified  initial  flight  envelope  whore 
the  Initial  velocity  is  downward. 
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Re-entry  trajectories  were  obtained  from  computer  studies  conducted  by  GAC  uerodjnaml- 
clctn  (or  ballistic  coefficient  W/CqA  of  1,  10,  SO,  and  100  lb/fl*  for  each  of  the  four  corners  of  the 
initial  flight  envelope. 

2.  Method  of  Analysis 

a.  Connection  To  a  Drag  Body.  Two  configurations  were  analysed  for  the  drag  body  (Ballute): 

(1)  a  sphere  and  (2)  a  blunted  cone  with  a  half  angle  of  40  degrees.  The  drag  body  will  be  attached 
by  a  long  cable  to  a  forebody  of  unknown  configuration. 

The  effect  of  the  forebody  on  the  aerodynamic  heating  of  tha  drag  body  is  presented  in 
Figure  195  and  ia  based  on  a  review  of  the  data  obtained  during  the  GAC  Mach  10  Dallutc  testa  at  the 
von  Ka'rmsfa  Gas  Dynamics  Facility,  Arnold  Engineering  Development  Center.  The  heat  flux  to  the 
forward  portions  of  the  drag  body  Is  reduced  due  to  the  furebody  and  cable  reduction  of  air  velocity, 
while  the  **■;"".*  n,,“  <«  ii*»  waist  and  trailing  edge  nf  the  drag  body  In  Increased  due  to  the  added  tur¬ 
bulence.  The  data  presented  In  Figure  135  is  presumed  to  apply  to  the  sphere  as  well  as  tho  blunted 
cone  In  either  turbulent  or  laminar  flow  throughout  tho  flight  envelope. 

b.  Translation  to  Turbulent  Flow.  Figure  136  presents  the  transition  point  from  laminar  to  tur¬ 
bulent  flow,  based  on  a  transition  Reynold's  number  of  BOO,  000  for  the  flight  envelope.  Note  that 
turbulent  flow  Is  a  very  doflnlte  possibility.  The  1959  ARDC  Model  Atmosphere  is  used  In  all  calcu¬ 
lations  Involving  atmospheric  properties. 

c.  Laminar  Heat  Flux  and  Temwraluro  Distribution,  The  laminar  heat  flux  and  temperature 
distributions  on  a  blunted  cone  and  sphere  aro  presented  in  Figures  137  and  138  respectively.  The 
heat  flux  distribution  without  (orobody  are  baaed  on  Reference  25;  Figure  135  wob  then  used  to  obtain 
the  heat  flux  distributions  with  forebody.  The  temperature  distributions  were  based  on  a  thermally 
thin  Ballute  without  lntornal  radiation.  The  base  point  for  tho  heat  flux  and  temperature  distributions 
Is  tho  stagnation  paint. 

d.  Turbulent  Heat  Flux  and  Temporaturo  Distribution.  The  turbulent  heat  flux  and  temperature 
distributions  on  a  blunted  cone  and  aphoro  are  presented  In  Figures  139  nnd  140  respectively.  The 
heat  flux  distributions  without  forebody  are  bused  on  Reference  26;  Figure  135  was  then  used  to  ob¬ 
tain  the  heal  flux  distributions  with  forobody.  The  temperature  distributions,  as  previously  men¬ 
tioned,  were  based  on  a  thermally  thin  ballulo  without  internal  radiation.  The  base  point  tor  the  heat 
flux  and  temporuturo  distributions  is  an  8/Rq  of  two  for  tho  blunted  cone  and  an  8/Rq  of  one  for  the 
sphere. 

o.  Base  Point  Heat  Fluxoa  and  Temperatures.  The  base  point  heat  fluxes  nnd  temperatures  are 
presented  as  a  function  of  tWWffurf'rlinc)  velocity  in  Flguros  141  and  142  respectively.  These 
figures  also  show  tho  effects  of  body  stale  on  heat  flux  and  temperature  and  the  effect  of  emlsslvlty 
on  temperature. 

Tho  laminar  flow  base  point  heat  flux  ts  based  on  Kelorcnco  3  and  may  be  summarized  as 

Q0R00'  ®  <*  fi  (altitude,  velocity).  (8) 

Since  the  Ballute  is  thermally  thin  and  Internal  radiation  is  neglected,  the  above  heat  flux 
must  be  radiated  from  the  Ballute,  therefore: 

<*0  =  (7) 

or 

QoR0°- 5  =  ot  Rq0,  5  T0H  =  fj  (altitude,  velocity)  (8) 

and 

(«R00'5  T04)  0-25  =  *°'25  Rq0'125  T0  =  f2  (altitude,  velocity).  (9) 
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Figure  135.  Effect  of  Forebody  on  Heat  Fluxes 


Figure  138,  Transition  from  Laminar  to  Turbulent  Flow 
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Figure  141.  Laminar  and  Turbulent  Heat  Fluxes 


VtLOCITY  -  FT/SEC  *  10'3 


VELOCITY  -  rl,  5EC  *  I0'3 


Figure  142.  Laminar  and  Turbulent  Temperatures 
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Equations  (8)  and  (9)  are  platted  in  Figure, 9  141  and  142  respectively. 


The  turbulent  How  base  point  heat  flux  is  based  on  Reference  23  for  a  40-degree  half-angle 
cone  ut  a  distance  from  the  nose  of  2  feet,  and  may  be  summarized  as  Q(g  ^  2  ft)  "  f3  (altitude, 
velocity).  (10) 

The  specified  heat  flux  in  the  above  equation  is  equal  to  the  general  heat  flux  (any  value  of 
S)  multiplied  by  a  distance  correction  factor  (to  correct  to  an  S  of  2  foot): 


1 0. 2 


Qy  ^  2  y  -  ‘3  (altitude-,  velocity). 

For  the  condition  wherein  S/Rq  -  2,  or  S/2  =  Rq, 


^(S/Rq  =  2)  (R0)0,2  *  Qc  RoU‘*  =  f3  (altitude,  velocity) 


0.2 


(10 

(12) 


Note  that  Qc  I*  basod  on  an  S/Ro  of  2  for  the  blunted  cone.  Reference  22  indicates  that  the 
heat  flux,  Qc,  at  an  S/Ro  =  2  on  the  blunted  cone  ts  equal  to  the  heat  flux,  also  Qc,  at  an  S/Ro  «  1 
on  the  sphere.  Again  taking  the  Balluto  as  thermally  thin  and  neglecting  internal  radiation,  tho 
above  heat  flux  must  bo  radiated  from  the  Ballute,  therefore 

QC-<r<TC4  (13) 


or 


and 


QcHo°'2  *  <r«Ro°'2  Tc*  “  f3  (altitude,  velocity) 

(*R0°‘a  Tc4)  0,26  •  •  0,2BR00, 05  Tc  «  f4  (altitude, velocity) 


(14) 

(IB) 


Equations  12  and  IS  arc  plotted  in  Figures  141  mid  142  respect ivoly. 

f,  Examplo  Problem,  First  it  must  bo  determined  if  the  flow  ic  laminar  or  turbulont  at  the  de- 
sirod  point,  S/Ro  of  fi. 3  This  mav  bo  dotormined  with  thu  aid  of  Figure  13B.  Entering  this  ehnrt 
the  altitude  and  volocity  stated  to  tho  problem,  1 30,  Onn  feet  mid  8000  ft/scc  respectively  yield  a 
value  of  2  6  foot  for  S,  the  dint  mice  between  the  stagnation  point  mid  the  transition  point  on  tho  body 
where  this  flow  change  occurs. 


In  this  problem,  the  waist  radius  given  was  5  feet.  Considering  blunt  cone  Ballute  configur¬ 
ations,  this  then  fixes  the  nose  radius  at  1  foot.  At  the  point  of  investigation,  S/Ro  =  6.  5.  With 
P0  "  S  is,  therefore,  equal  to  6.  5  feet.  Since  this  distance  is  greater  than  the  chart  value  2.6 
feet  (location  of  the  transition  point)  the  flow  is  turbulent. 
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The  temperature  at  point  S/Ro  *  6.5  can  now  be  found  by  using  the  turbulent  flow  curve  of 
Figure  142.  Entering  this  curve  at  given  velocity -altitude  points  gives  a  To,0-*5  Rq0*05  value 
equal  to  3000*R-ft0<"5.  Using  tho  given  value  of  emlHStvity  (f  »  0.9)  and  the  nose  radius  of  l  toot, 
the  base  temperature  is  found  to  be 

Tc(0,9)°'25<1)0,05  =  3000°  R 

Tc(0.974)  (1)  ..  3000<»R 

Tc  3080°R, 

Using  Figure  139  and  Ihn  S/Rq  value  of  6.  u,  T/T^-  is  found  to  be  0,940,  The  local  temper¬ 
ature  Is  therefore  0.  940  *  3CB0'’R  -•  2895°R  (2435°F). 

g.  Trajectory  and  Temperature  Limit  Parameters,  The  tcmpcraluru  limit  parameters  shown  in 
Figures  143 and  144  indicate  the  uvalluhle  safe  margin  of  operation  attainable  for  particular  Bnllute 
drag  systems  deployed  within  the  intended  flight  envelope.  The  equilibrium  temperature  limits  re¬ 
present  tho  thermally  critical  arena  on  each  of  the  Ballute  configurations  in  laminar  and  turbulent 
flow.  Transition  Reynold's  number  for  thOBc  studies,  as  was  previously  mentioned,  was  assumed 
at  S  x  lO5  based  upon  freeslream  conditions. 

Increasing  the  reference  radius  Is  reflected  in  increased  altitude  margin  of  operation  with 
substantial  benefits  lining  realized  in  laminar  flow.  The  plots  are  aeon  to  terminate  in  the  vicinity 
of  Mach  4.  5,  tho  tolul  temperature  at  tMs  velocity  boing  Insufficient  to  create  a  thermal  problem. 
Internal  rudluttnn  was  not  taken  Into  account  in  preparing  the  temperature  limit  parameters.  Radia¬ 
tion  Interchange  studies  show  that  tho  radiation  equilibrium  surface  temperatures  cun  be  reduced  in 
oxcchh  of  100°  for  those  applications,  with  the  resulting  limiting  altitude  parameter  being  lowered 
approximately  5000  feet  for  n  lfi00()F  limiting  temperulore. 

h.  Comparison  with  Preliminary  Study.  A  spiked  body  waH  used  for  the  preliminary  analysts 
(Section  3)  In  the  absence  of  definite  information  concerning  drag  Ixidles.  Subsequent  tosttng  of  drag 
bodies  demonstrated  that  spiked  Imdy  data  is  not  uppllcablo  to  drag  bodies,  Tho  inttlnl  shock  wave 
from  lliii  spike  generally  Impinged  upon  the  spiked  txidy,  producing  a  highly  turbulent  region  with 
resulting  high  hont  flux.  The  shock  wave  from  the  forelx>dy  did  not  impinge  upon  the  drag  body,  while 
the  wuko  prevented  the  airdrome  from  recovering  froe-strenm  velocity  downstream  of  the  fnrelwty, 
thereby  partially  shielding  the  drag  Itody  from  the  higher  energy  flow, 

a.  Conclusions  and  Rccommendattuns 

Figures  13f> through  144  may  be  used  to  predict  the  local  fabric  temperature  for  Hallule 
configurations  deployed  within  the  flight  envelope  under  consideration. 

The  wind  tunnel  tests  conducted  indicate  a  reduction  In  the  heat  transfer  rates  to  the  drag  bodies 
in  thopresenceof  forelxidles.  How  over,  additional  lest  lag  is  recommended  to  determine  the  conditions 
causing  turlwlcnt  flows  and  to  encompass  the  velocity  regime  between  supersonic  flow  and  Mach  10. 

More  precise  thermal  calculations  should  be  in  order  for  any  specific  rtullute  configuration, 
with  design  optimization  being  desirable  in  ruses  of  marginal  beating. 

D.  AERODYNAMICS 

1.  General 

A  final  aerodynamic  discussion  of  the  combined  results  of  all  of  the  contract  wind  tunnel 
tests  ts  presented.  Data  from  Reference  24  phis  recent  unpublished  data  of  wind  tunnel  tests  con¬ 
ducted  by  the  Large  Supersonic  Tunnels  Drnnch  personnel  at  NASA  tangley  Station,  Virginia,  is  also 
presented,  These  recent  NASA  tests  (Reference  25)  were  supplemental  to  References  24  and  2, plus 
this  contract  effort  and  constated  of  supersonic  tests  of  towed  solid  conical  models.  The  NASA  tests 
were  conducted  between  this  contract's  schedule  tests  of  September  1961  and  1902. 

As  required  per  contract,  analytical  and  experimental  aerodynamic  data  was  obtained  over  a 
range  of  Mach  6.2  and  Mach  10.  The  Reynolds  number  range  was  beiween  RN  ft  equal  to  0.96  x  10® 
to  6x  10<*/ft.  This  range  of  wind  tunnel  test  Reynold's  numbers  that  would  lx-  experienced  in  the 
contract  flight  performance  envelope  ts  shown  in  Figure  145. 
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2,  Flow  Behavior 


The  concept  oi  the  boundary  layur  in  used  lo  explain  the  flow  behavior  around  the  model. 

Boundary  layer  experiences  transition  from  laminar  to  turbulent  under  the  influence  of 
Reynold's  number  and  Mach  numbor  among  other  factors.  The  tests  were  conducted  In  u  range  of 
RN  and  Mach  numbers  that  suggest  turbulent  stale  of  boundary  layer  with  possible  transitional  re¬ 
gion  occurring  at  certain  timos.  Separation  of  tho  boundary  layer  is  produced  either  by  the  chiinges 
in  geometry  of  a  model  or  by  shock  wave  Intersection,  The  configurations  investigated  indicate  se¬ 
paration  duo  to  fence  and  shock-boundary  layer  interaction.  Largo  adverse  pressure  gradient  Im¬ 
posed  by  the  Shock  thickens  the  boundary  layer,  makes  it  turbulent,  and  separates  it  from  the  model, 
which  in  turn  increases  tho  thickness  of  the  wake.  Inctoaso  in  drag  is  realized  which  lias  frictional 
nature. 


After  the  separation  occurrence  the  turbulent  (or  laminar)  separated  region  is  steady  pro¬ 
vided  the  turning  angle  of  the  flow  (or  surfneo  deflection  nngio)  is  not  high. 

Tho  3. 9  or  6.  25  porcent  ionce  achieves  separation  at  a  point  (30  degrees  aft  of  a  model 
equator)  of  tho  must  aft  position.  This  position  is  significant  because  of  the  fnrro  equilibrium  oxtst- 
big  there,  which  assures  the  steadiness  of  the  region.  As  a  result  thu  drag  is  conslunt  for  a  given 
model  configuration  within  tho  suporsonic  velocity  range.  The  increase  in  tho  height  of  a  fence  may 
favorably  Influence  tho  drag  of  a  model,  but  stability  will  decrease  due  lo  unsteadiness  of  tho  sep¬ 
arated  region. 

Tho  prossuro  rise  in  tho  steady  sopnratod  region  is  close  to  that  In  invlscld  flow  behind  the 
expanded  shock  sbice  downst  'earn  uf  tho  region  tho  flow  is  again  parallel  to  tho  bounding  surfaco. 
Thus  Invlscld  flow  prossuro  rise  can  bo  used  to  estimate  tho  pressure  rise  across  a  separated 
region. 


Ucnorally  tho  drag  of  tho  configurations  considered  consists  mainly  of  tho  pressure  drag 
with  small  contributions  from  the  sklu-frlctlon  drag. 

3.  Drag  Results 

A  nummary  curve  of  all  of  the  applicable  rtrng  rintn  in  presented  in  P'lguro  1st!,  Tho  shaded 
portions  indie ulu  the  envelope  of  experimental  Wind  tunnel  data.  The  Inflatable  model  data  falls 
within  tho  shaded  area.  Tho  cnvolope  limits  oi  the  supersonic  tests  were  obluinud  (roiu  Die  solid 
model  datu  In  References  25  and  2. 

Figure  147  presents  data  from  Reference  25;  tho  duta  shows  tho  effect  of  Increasing  the 
slzo  of  thu  burble  fence  up  to  10  percent,  A  15-purccnt  burble  fence  was  also  tested.  The  data  Is 
not  shown  because  of  reported  questionable  stability  in  Its  towed  position. 

Thu  combined  results  of  all  applicable  tests  indicate  tho  following: 

(1)  Inflatable  model  results  show  reduced  drag  coefficients  at  //d  ratios  bolow  5. 

(2)  Inflatable  model  results  show  peak  drag  coefficients  at  //d  ratios  of  G  to  8, 

(3)  Inflatable  model  results  show  percent  increase  (or  decrease)  at  // d  ratios  greater  than 
8  is  small  in  tho  supersonic  range. 

(4)  Drag  data  results  ol  inflatable  (ram-aii  and  preinflated)  models  is  equivalent  to  solid 
models  which  demonstrates  feasibility  of  inflatable  devices. 
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t'ltcuro  140.  Towod  Blunt  Body  Drag  Data 
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K.  DESIGN 


1.  Design  Conditions  and  Assumptions 

The  weight  and  bulk  study  of  the  various  coi  figurations  was  made  utilizing  tho  trajectory 
data  of  three  of  the  four  stal  ling  points  of  tho  perfor  nance  envolope  as  presented  in  Figure  1.  Theso 
starting  conditions  were: 

(1)  Mq  »  10  at  200,000  feet 

(3)  Mq  =  4  at  120,  000  feet 

(3)  Mo  -  4  at  70,000  foot. 

The  matciair  in  urn  stuay  were  coated  Hone  41  cloth  and  Dncron-nooprone  fab¬ 

ric.  In  condition  1,  whore  tho  temporature  would  he  high,  the  temperature  was  arbitrarily  chosen 
to  always  be  at  1500°F.  In  conditions  2  and  3,  at  Mq  -  4,  the  temperature  was  assumed  low  enough 
to  uso  either  Dacron- neoprene  or  Rcn6  41.  The  strength- weight  rattoB  used  In  theso  conditions  woro 
therefore: 


Condition  1  kf  ■  2920  foot 

kc  «  32, 100  foot 

Condition  2  and  3 

kj  »  7920  fuul 
kc  •  61, 600  fool 
kf  ■  2d,  700  foot 
kti  -  37,  S00  fool 


Rent  41  at  1500HF 


Rend  41  at  t00'»F 


Ducron  ul  350°F 


A  factor  of  safety  KS  «  2  was  used  throughout  the  study.  Based  on  thu  wind  tunnel  results 
at  Mach  numbors  4  and  10,  it  was  estimated  that  at  tho  conditions  of  peak  (q)  along  the  trajectories 
the  drag  coefficient  would  bo  approximately  0.  75.  Therefore,  for  cunaisUmcy ,  a  cp  »  0.  7h  wns 
choaon  for  all  cases,  It  is  pointed  out  Unit  llio  Cp  value  eh;  ion  fnr  the  des  ign  dcflncu  tho  shape  and 
strossos  in  tho  particular  cimflgurntinn  (sc<>  Section  H). 


Total  weights  (W)  chosen  for  tho  study  were  2B0  pounds  and  7G0  pounds.  Tho  four  ballistic 
coefficients  (W/CrA)  of  1,  10,  50,  and  100,  us  used  in  the  trajectory  analysis,  were  also  chosen. 
Since  the  payload  drag  area  (C»)A)p  to  small  compared  to  the  docelerator  drag  area  (CdA)d,  tho 
romalndor  of  the  design  discussion  nssumes  CDA  «  (C|jA)i>  -  (CijA)d. 

Tho  Inflation  pressures  used  for  the  closed  pressure  vessel  configuration,  namely  sphere, 
hemisphere,  Air  mat  cone,  u'uu  torus  with  curtain,  arc  a  function  of  a  peak  dynamic  pressure(q)  as 
defined  for  each  particular  caso  In  the  examples  prosonted  In  Section  8-B.  For  tho  rain-air  con¬ 
figurations  tho  Inflation  pressure  was  assumed  as  P  *•  q,  which  Is  adequate  to  assure  full  inflation 
ol  the  model.  Since  tho  Langley  wind  tunnel  teBls  Indicated  that  higher  internal  pressure  values  of 
q  wero  obtained,  It  is  further  assumed  that  a  gage  pressure  relief  valve  will  be  provided  to  hold  the 
maximum  Internal  pressure  equal  to  the  peak  q  along  the  trajectory.  In  addition  it  was  assumed 
that  the  sialic  pressure  In  the  wake  aft  of  the  Rullutc  Is  equal  to  zero.  Therefore,  the  Internal  pres¬ 
sure  is  equul  to  the  pressure  differential  across  the  fabric. 


Since  the  pressure  differential  across  the  fabric,  which  Is  equal  to  q,  is  tho  peak  structure- 
design  load,  the  selection  of  the  weight  of  the  docelerator  structure  is  based  on  a  specific  high- 
level  dynamic  pressure.  For  the  remainder  of  the  design  study  It  Is  Important  to  note  the  following: 

(1)  Ballute  weights  in  Table  31  were  based  on  the  q  load  at  a  peak  temperature  of  1500°F, 
which  was  tho  most  critical  condition. 
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Table  31.  Weights  of  Various  Concepts  for  One  Trajectory  Condition  (Sheet  1) 


CONFIGURATION 

WEIGHT  EQUATION 

P/q 

1 

I 

INFLATION 
PRESSURE  -  P 
(psf) 

80-Degree  Ballute, 
Plain  Back 

Wd  =  P»R3 

+  ark.l 

l  kf  kc. 

1.0 

0.  885 

- 

230 

80-Dcgroo  Dallutc, 
Tucked  Back 

WD  -  PnR3 

iti.-krel  +  jojp-.;kj] 
kf  kc  j 

t 

1.0 

0. 453 

0.  34 

230 

Sphere 

Wd  -  P"1*3 

f4(l-k}  2sk 
+-Tcc 

]  : 

3.68 

0.3 

- 

847 

Hemisphere 

4P»R3 
Wn‘  kf 

4.  IB 

■ 

-- 

956 

80-Dugree  Alrmat 
Cone 

wD.!i±£M!fi 

4.  52 

-- 

1040 

Torus  with  Curtain 

Wd  "  PR3  | 

13.3  0.07 

kf  +  kc 

28.  5 

■ 

-- 

8100 

CONDITIONS 


W/CDA  -  40 
M0  -  4.  08 
Iiq  m  133, 000  ft 


CD  -  0.78  A  =  78.  5  ft2  kf  «  2020  ft 

Diameter  »  10  It  q  -  230  psf  kc  •>  32, 100  ft 

W  -  2358  lb  FS  »  2  Coated  Rene  41  ut  1500°F 

Package  factor  =  28,8  lb/ft3 


(2)  Design  curve  weights  (Figures  140  and  140)  were  bused  on  the  peak  q  ocurrlngatu  peak 
temperature  of  1600nF  along  the  descent  trajectory.  This  assumption  Is  conservative 
since  tho  peak  q  usually  occurs  after  peak  temperature,  and  hence  the  docolorator  struc¬ 
ture  docs  not  havo  to  support  this  peak  load  at  Its  lowest  strength- tu-weight  ratio. 

2.  Configuration  Weight  and  Uulk  Comparison 

Tho  weight  and  package  volumes  os  presented  In  Table  31  were  calculated  for  the  six  con¬ 
cepts  considered  at  one  trajectory  condition  of 

Mo  «*  4.  88 

h0  -  133,000  feet 


W  =  2355  pounds. 

This  trajectory  condition,  which  Is  different  from  She  conditions  stated  above  and  different  from  the 
conditions  chosen  for  the  aerodynamic  analysis,  was  arbitrarily  chosen  for  this  particular  weight 
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Table  31.  Weights  of  Various  Cone  opts  for  One  Trajectory  Condition  (Sheet  2) 


CLOTH  & 
CABLE 
DECELER- 
ATOR 

WT  (lb) 

VOL!  IMS 
(ft3) 

PV 

(lb-ft) 

INFLATION 

GEAR 

WT  (lb) 

TOTAL 

DECELER- 

ATOR 

WT  -  Wp 
(Pour  i»F 

PACKAGE  VOLUME  (FT3) 

DECELER- 

ATQR 

INFLATION 

GEAR 

TOTAL 

32 

-- 

•• 

—  - 

32 

1-2 

■■ 

1.2 

36 

-- 

— 

60 

1.  3 

■ 

1.  3 

278 

52.7 

443,000 

40 

327 

0  7 

1.5 

11.  2 

420 

477,  3 

456,000 

40 

460 

14.6 

1.5 

ig.  i 

105 

106,  1 

1 13.  (00 

i4.  ii 

124.0 

3.7 

0.  3 

4.0 

84 

15. 62 

05, 400 

11,7 

95.7 

3.0 

0.3 

3.3 

and  bulk  table  In  order  to  select  a  point  within  the  prescribed  performance  envelope  where  the  tern- 
pernturo  would  fall  within  the  K>00°F  limit.  See  Figure  ItvO. 

The  minimum  limiting  diameter  of  10  feet,  aB  determined  In  Section  8-C,  was  chosen.  This 
diameter  and  the  W/Ci>A,  for  which  data  was  available,  determined  (he  weight  (W).  of  2355  grinds. 

Coated  Rune  41  at  l500l>Fwns  the  material  considered  and  as  previously  stated,  Cr  =  0.  75. 
From  the  trajectory  data  of  Reference  1,  the  (|  at  peak  tempernture  =  230  psf,  which  occurs  at 
110,000  fool  altitude. 

The  packaging  factor  used  for  calculating  volumes  of  the  Unllutc  alone  is  28.  8  Ib/fl3.  Tl.la 
value  was  obtained  for  metal  cloth  packaging  tests. 

Weight  and  volume  of  (he  inflation  gear  were  estimated  on  the  basis  of  3000 -psi  fiberglass 
sphere  hollies  with  compressed  air. 

From  Table  31  the  ram-air  configurations  offer  Iho  lowest  weight  and  package  volume. 

Based  on  this  and  on  the  satisfactory  wind  tunnel  results,  the  remainder  of  the  weight  study  is  con¬ 
fined  to  the  80-dcgrco  ram-air  Dnllute.  The  Ballute  with  a  tucked  bnck  was  not  considered  further 
in  the  weight  study  because  of  limited  experimental  data.  During  a  subsonic  wind  tunnel  test  run  here 
at  GAC,  the  tucked  Ballute  did  not  remain  conical  In  shape.  The  model  took  the  shape  of  a  Inrus. 
During  run  No.  15  (see  page  56)  of  the  supersonic,  tests,  the  lucked  Ballute  did  remain  conical  in 
shape.  The  reason  for  the  shape  Instability  at  subsonic  speeds  can  not  be  clearly  defined.  However, 
one  suggested  reason  is  that  the  tie- line  inside  the  Ballute,  which  ties  the  model  nose  to  the  backend, 


ASD-TDR-02-702  Pt  n 


155 


restricted  the  length  shape  change,  and  hence  it  the  Internal  pressure  load  Is  In  excess  of  the  ester’ 
nal  air  load  the  Inflated  model  takes  the  shape  of  a  body -or •revolution,  in  this  ease  a  torus, 

3,  Design  Curves 

Figure  151  shows  the  penalty  of  tho  HU-degreo  Halluto  made  of  Reis'  41  at  150Q°K  compared 
tu  Dacron  at  ;*50°F.  Tho  Inflation  pressure  ehoson  In  230  psf,  and  the  parameters  P/q  -  J ,  C f, 

0.7o,  and  FS  -•>  2  arc  us  wore  discussed  above. 

Tho  contour  shape  factor  for  the  HO"  Uallulc  Is 
mT 

K  3  " — ^t,'  “  0.  805  (Reference  Section  H-ll) 

PirR^ 

Tho  strength- weight  ration  lor  these  materials  are 

kf  «  2920  fool  nuii0,  41  at  150noF 

kc  °  32, 100  feet 

kf  *  28, 700  (cot 

Dacron  at  35U°F 

k,,  -  37,  600  fact 

Flguro  152  is  plotted  for  Dallutcs  designed  for  tho  pressure  relationship  of  P/q  =  1.  The 
graph  may  be  used  to  determine  weights  at  any  pressure  P  by  direct  proportion  til  nee 

WD  -  onnntnnt  x  (pp3) 

In  Figure  152  the  weight  ofa  Ron64t  BO-degreu  Dullutc  Is  shown  versus  nIko  at  various  q'sal  a 
temperature  of  1500°F,  dupcrlmposudon  this  graph  Is  upluluf  welghlH  of  Hullutes  constructed  of  cloth 
11  ami  u  mini  mum- weight  doth.  Cloth  It  (seo  Section  8)  represents  neurly  the  maximum -weight  single- 
ply  cloth  that  can  be  made,  Tho  mlnbmim-wulght  cloth  IhuO.  0018-Inch  diameter  woven  200  x  200  mesh 
cloth  with  tho  coating  weight  of  5  o/./yd,  giving  a  total  wolght  of  10oz/yd2.  Although  cloth  weights  may 
be  reduced  with  the  development  of  rtothftuMlIxIngA.  (lOftB-lm'hproloetod  diameter  wire,  It  lHussumed 
hero  thut  coating  weights  eannol  be  reduced  substantially  below  5  oie/yda.  Tho  Dallute  weights  wove  eni- 
cu  luted  with  tho  addition  of  mcrldlinuil  cable  weights  compatible  with  each  diameter, 

Tho  band  between  the  weight  curves  ol  doth  n  end  the  minimum  cloth  represents  tho  pio- 
jected  range  of  nallute  slue  which  can  ho  butll  for  Iho  15O0°F. 

In  Flguro  153  the  membrane  stress  level  of  an  80-dogroe  Ball'ite  is  shown  versus  bIscc  at 
various  Inflation  pressuros. 

Figure  148  presents  tho  Kcmf  41  80-degrce  Balluto  wolght  to  total  system  weight  ratio, 
Wd/W  vorsus  W/CDA,  for  3  starting  conditions.  Payload  weights  of  2S0  and  750  pounds  were  as¬ 
sumed.  The  strongth-wetght  ratio  employed  in  calculating  weights  was  based  on  100nF  for  the  Much 
4  conditions  and  1500°F  for  tho  Mach  10  condition.  The  curvoB  Indicate  u  reduction  In  weight  with 
Increasing  W/CjjA  since  the  R3  term  decreases  more  than  the  pressuro  P  Increases  in  the  weight 
equation: 


Wj)  (decolcrator  weight)  ■  constant  x  (PR3). 

The  curves  ulso  Indicate  a  reduction  In  weight  ratio  with  decreasing  total  weight  for  a  given 
W/CqA  and  pressure.  It  can  be  shown  from  the  weight  equation  that  for  a  given  W/CrA  and  pres¬ 
sure  P 


•UL 1 

r-  a  constant  x  W. 

CdA 


ASD-TDR-62-702  Pt  tl 


157 


The  curveB  further  indicate  that  the  Wjj/W  ratio  becomes  prohibitively  high  at  low  values  of 


W/t.'DA. 


Figure  140  presents  the  band  of  nallute  weight  ratios  of  Ballutei  made  from  the  same  range 
of  cloth  weights  as  shown  in  Figure  152  except  that  the  data  Is  plotted  as  WjjAV  ratio  versus  W/CjjA. 
It  can  be  shown  that  in  dividing  the  Ballet#  weight  Wq  for  a  given  cloth,  which  Is  proportional  to 
(d’  )*,  by  the  total  weight  W,  which  Is  proportional  to  W/CqA  x  (d  '}«,  the  (d  *)■  term  cancels  out 
leaving 


Wd/W  ■  (constant  x)l/(W/Cj)A). 

This  indicates  Hurt  the  Wq/W  ratio  for  a  particular  cloth  is  a  (unritnn  nf  W/CpA  only  and  is  Indepen¬ 
dent  of  the  total  weight  W.  Included  In  the  graph  aro  the  two  Wd/W  ratio  curves  for  the  Mo  ■  10 
starting  condition  which  were  presented  In  Figure  148.  The  Intersection  of  either  of  those  curves 
with  a  cloth  curve  gives  the  corresponding  W/CuA,  which  defines  the  Dailule  size  lor  that  particular 
total  weight  W  and  cloth  material.  This  graph  Indicates  that  the  ballistic  coefficient  W/CpA  must  be 
fairly  large  In  order  to  obtain  a  reasonably  low  Wd/W  ratio. 

Figure  inn  allows  two  of  the  temperature  limit  curves  shown  previously  In  Section  8-C. 

They  shew  Lhc  1S00°F  Until  for  tho  turbulent  flow  condition  for  a  10-foot  diagnotor  and  for  a  100-foot 
diameter  conical  docelerator.  Above  tho  10-foot  diameter  curve  are  drawn  four  trajectories  which 
fall  just  wilhh.  the  1500°F  limit  for  this  size  Bailuto.  Tho  trajectory  for  W/CdA  »  40  was  taken 
from  Reference  1.  The  other  three  trajectories  for  W/CdA  «  5,  10,  and  20  were  calculated  by  a 
luutd  Iteration  process  (successive  Incremental  approximation).  Tho  estimated  error  of  those  alti¬ 
tude  velocity  trajectories  is  less  than  4  percent  of  tho  computer  results. 
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SECTION  8 


CONCLUSIONS  ANI)  RECOMMENDATIONS 


A.  GENERAL 

It  Is  concluded  from  the  dertlftn  ami  porturmancv  Information  obtained  during  this  tnvostlga* 
tion  that  an  inflatable  balloon  is  a  feasible)  stabilization  and  decoloration  device  and  will  perform 
satisfactorily. 

Slnco  the  main  objective  of  the  program  was  in  ot>tain  optimum  drag  device  design  informa¬ 
tion,  the  following  concluding  statements  are  presented. 

B.  DESIGN  REQUIREMENTS  (CONSIDERED  OPTIMUM) 

Tho  following  list  of  design  requirements  was  burned  on  the  results  of  tho  analytical  study, 
the  experimental  tests,  and  the  sulwcquent  final  design  study. 

(t)  Use  n  ram-alr  Ballute  configuration  wllli  a  plain  Isotcnsold  all  end. 

(2)  Provide  an  apex  nose  angle  of  80  degrees. 

(3)  Provldo  u  10-poreont  burble  fence  lot  nted  on  the  docclorator  equator. 

(4)  Provide  side  ram-alr  screened  Inlrtn  (Inlets  mny  to  orifices  on  the  burble  fence). 

(5)  Make  the  diameter  of  the  Ualiutc  greater  than  thn  diameter  of  tho  paylnud. 

(0)  Make  thn  length  of  tho  to\v  line  0  to  B  times  the  payload  diameter  to  obtain  maximum 
drug. 

(7)  Design  !he  fabric  structure  based  on  the  most  adverse  of  the  following  loading  conditions: 

(a)  Eabrle  differential  pressure  load  al  peak  tompuruluio  niudUlono, 

(b)  Fabric  differential  pressure  load  al  peak  q  condition. 

(8)  Provide  pressure  relief  valve  to  control  Internal  Dallutc  pressure  when  required. 

C.  REASONS  FOR  DESIGN  PARAMETER  SELECTIONS 

(1)  Ram-alr  Inflation  eliminates  heavy,  bulky  hardware. 

(2)  Ham-atr  Inflation  eliminates  near  100  pcrcont  gas-light  material  requirements. 

(3)  An  80-degrcc  apes  nose  angle  is  the  most  blunt  (high  drag)  tody  that  exhibits  excellent 
stability  In  Its  towed  position  behind  a  forctody. 

(4)  A  10-percent  burble  fence  provides  maximum  drag  (up  to  Cp  =  1.3  In  the  Mach  2  to  5 
speed  range)  without  penalizing  stability. 

(5)  Side  ram-alr  inlets  provide  pressure  for  full  Inflation  of  the  Ballute  nl  subsonic,  super¬ 
sonic,  and  hypersonic  speeds. 

D.  RECOMMENDATIONS 

Since  Ballute  decelerator  performance  has  been  shown  feasible,  It  is  recommended  that 
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actual  free-fllght  BaUute  demonstration  teats  be  conducted  in  the  Mach  4  to  Mach  10  (light  regime. 

In  addition  there  la  need  (or  other  development  programs  to  obtain  usable  system  hardware 
in  the  field  of  inflatable  structures  for  re-entry  and  recovery.  They  are  as  follows: 

(1)  Obtain  additional  Ren4  cloth  information. 

(2)  Investigate  further  the  use  of  refractory  and  super-alloy  materials. 

(3)  Investigate  inflatable  trailing  drag  bodleu  at  //d  a  0. 


APPENDIX  I 

RAM-AIR  BAI.LUTE  SHAPE  STABILITY  ANALYSIS 


The  instabilities  exliibllod  by  the  ram-air  Inflated  Balluto  and  Us  ultimate  failure  during 
the  Series  I  wind  tunnel  tests  at  NASA  Langley  prompted  an  Investigation  of  the  phenomenon  and 
moans  by  which  It  can  be  mitigated.  Thin  phenomenon  is  quite  familiar  to  the  ram*  Jot  designer  since 
this  Is  a  problem  encountered  In  off-design  operation.  The  presence  of  the  Balluto  In  a  turbulent 
wak«>  of  the  payload  and  the  broad  Much  number  band  of  operation  not  a  rather  complex  problem. 

fn  an  effort  to  initiate  thin  study,  the  consulting  services  of  I)r,  H.  Ontrach  of  Case  Institute 
of  Technology  wore  obtained,  Hia  function  was  lo  review  the  general  problem  area  plus  the  specific 
NAHA  Langley  wind  tunnel  results,  namely  the  hlgb-epeod  schheren  movies,  and  Investigate  and 
submit  reasons  for  (he  buzzing  phenomenon,  the  Incomplete  model  inflation,  and  the  subsequent 
model  fabric  rupture.  In  addition  bo  was  to  confirm  GAC ' u  suggested  solution  of  providing  inlet 
damping  with  screens  or  reed  valves  or  suggest  other  possible  solutions.  A  suaiiimiy  of  Ids  Com¬ 
ments  Is  ns  follows: 

(1)  Sudden  opening  of  the  moclol  could  caune  fabric  rupture. 

(3)  Insufficient  inflation  pressure  due  In  the  presonco  of  u  forebody  tow-  pressure  wnku 
could  cause  Incomplete  model  inflation, 

(3)  Cyclic  flow  circulation  (In  uml  uul  of  the  front  mlci)  ar  mass  flow  pulsnMnns  caused 
by  a  pressure  variation  ncrosu  the  Inlet  dun  to  shock  wuvu  curvature  near  the  Inlet 
could  cause  fabric  rupture. 

(4)  Inlets  with  rood  valves  or  oblique  shock  Inducers  could  alley  Into  problems. 

An  experimental  approach  lo  tho  problem  was  undertaken  concurrently  with  the  analytical 
approach.  A  water  flow  table  was  employed  in  thin  investigation  with  various  two -dimensional 
models  inserted  in  tho  strouin  flow  to  simulate  supersonic  (low  conditions,  This  hydraulic  analog  of 
supersonic  flow  Is  well  known  to  be  exact  at  M  -  2,0  with  deterioration  on  either  side  of  this  oxnet 
Mach  number.  It  was  felt,  however,  that  the  Btudy  by  this  simulation  would  hnvo  merit  even  though 
two-dimensional  models  would  bo  employed,  and  the  flow  simulation  would  not  bo  exact  la  aomc 
cases,  A  qualitative  evaluation  of  factors  affecting  this  phenomenon  wns  undertaken  using  this  ox- 
porlmnntnl  technique. 

Tables  32  uml  33  document  the  various  configurations  and  flow  conditions  that  wore  tested, 
and  a  typical  tent  setup  Is  shown  In  Figure  1 B4, 

Tho  walur  table  used  is  a  commercially  available  device  known  as  the  Aorodynalog.  In 
order  to  measure  the  instability  possessed  by  the  Ballutc,  ultonlion  was  given  to  the  characteristics 
of  the  Internal  flow.  By  the  Insertion  of  a  rolnred  dye  In  tho  cavity  of  the  model  Ballutc,  the  time  of 
Its  dlaolpatlon  was  Indicative  of  tho  Internal  flow  stability  •  the  longer  time  duration  of  the  dissipa¬ 
tion,  tho  superior  the  flow  stability. 

Series  I  tests  were  conducted  to  dctormlnc  the  effoctivoncss  of  a  flow  separator  placed 
forward  of  tho  afterbody.  The  function  of  the  flow  separator  was  to  t,  tabling  tho  concave  afterbody 
Inlet  flow.  This  method  was  successfully  employed  by  the  University  of  Minnesota  parachute  group 
to  stabilize  supersonic  parachutes.  As  the  result  of  this  series  o(  tests,  It  1b  concluded  that  the  flow 
separator  does  contribute  to  internal  flow  stability  when  it  is  located  some  distance  upstream,  not 
adjacent  to  the  concave  body.  With  the  addition  of  the  payload  located  5  diameters  forward,  the  flow 
stability  deteriorated  somewhat;  however,  it  was  no!  ascertained  whether  the  flow  separator  remain¬ 
ed  effective  In  this  arrangement.  In  the  scries  II  tests  where  the  flow  separator  wnB  tested  both  In 
and  out  of  the  wake  of  the  payload,  the.  effectiveness  oi  the  flow  separator  was  not  significant.  It  Is 
therefore  concluded  that,  at  least  for  these  short  coupled  arrangements  of  payload  and  Ballute,  the 
flow  separator  is  not  effective;  however,  It  may  have  merit  for  the  long  coupled  arrangements. 
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Table  38,  Water  Table  Test  Lor  -  Series  l  Conflgurat Ion 


SERIES  I  CONFIGURATION 


RUN 

NO. 

TYPE 

CONFIGURATION 

MACH 

MO, 

i/A 

x/tf 

RUN 

NO, 

TYPE 

CONFIGURATION 

MACH 

NO. 

t/A 

x/d’ 

1 

A 

2 

m 

m 

11 

3 

_ 

0.81 

2 

3 

12 

a  i  n  i  c 

2 

5 

0 

3 

A  +  B 

mm. 

_ 

0 

13 

2 

5 

0.18 

4 

IBS 

- 

illi 

14 

2 

5 

0,  25 

9 

2 

. 

0.22 

15 

2 

5 

0.31 

A 

2 

■ni 

18 

3 

5 

0 

7 

Kill 

17 

3 

8 

0  18 

8 

- 

0 

18 

3 

5 

0.  29 

9 

- 

0. 18 

19 

3 

5 

0.31 

10 

3 

- 

0.31 

3 

5 

1.38 

Table  33,  Water  Table  Test  Log  »  Stirleo  II  Configuration 


VALVt 


D| 


D2 


d3 


fj 

i 

L 

F  d| 

1  i-r 

7-.J 

T3 

OH 


SERIES  n  CONFIGURATION 


'0”"'0  o 

d|  /d  -  0.3  tl|  /d  ■  0.3  d)  /a  »  0.  J 

°4  „  D3  _ 

O  O’ 

d|  /d  •  0.2  d,  /d  *  0.123 


SERIES  n  DECELERATOR  VARIATIONS 


RUN 

NO. 

TYPE 

CONFIGURATION 

MACH 

NO. 

l/A 

x/d1 

RUN 

NO. 

TYPE 

CONFIGURATION 

MACH 

NO. 

//d 

x/d' 

1 

Dl 

2 

• 

11 

3 

6 

. 

2 

3 

- 

12 

5 

1 

- 

3 

5 

- 

13 

5 

- 

4 

Dj  +  C 

2 

1 

- 

14 

5 

- 

5 

2 

4 

- 

15 

5 

6 

2 

5 

- 

16 

Di+  F 

2 

7 

2 

8 

- 

17 

2 

6 

8 

3 

I 

- 

18 

3 

5 

- 

9 

3 

4 

- 

19 

3 

6 

10 

3 

- 

20 

5 

5 

“ 
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Table  33,  Water  Table  Tost.  Log  -  Series  Q  Configuration  (Continued) 


RUN 

NO. 

RUN 

NO. 

TYPE 

CON  FICL  RATION 

MACH 

NO. 

lA l 

x/d' 

31 

5 

0 

41 

5 

4 

„ 

22 

D|  t  F  +  C 

2 

a 

• 

42 

5 

5 

- 

23 

2 

0 

- 

43 

02  +  F  +  C 

3 

5 

- 

24 

3 

0 

44 

5 

S 

- 

25 

3 

c 

- 

40 

3 

- 

- 

28 

5 

5 

40 

0 

- 

- 

27 

5 

0 

- 

47 

Oi>  a-  C 

3 

J 

- 

78 

D3 

2 

- 

« 

48 

3 

1 

- 

20 

3 

- 

49 

3 

4 

- 

38 

0 

- 

- 

DO 

3 

5 

- 

31 

D3  +  C 

3 

4 

" 

51 

d4 

i 

- 

- 

32 

3 

5 

- 

52 

3 

- 

33 

3 

4 

- 

53 

5 

- 

34 

5 

mm 

- 

54 

D*  .  C 

5 

3 

- 

35 

D3  +  F  +  C 

3 

If 

- 

55 

5 

4 

- 

30 

5 

5 

- 

50 

5 

5 

37 

D2 

3 

■ 

- 

57 

0 

- 

38 

mm 

- 

58 

3 

5 

- 

39 

l>2  4  O 

KR 

- 

69 

3 

5 

0.  14 

40 

3 

5 

- 

80 

2 

0 

- 

81 

2 

5 

0.  14 

Thu  series  n  tents  wore  coiuiuctod  on  more  realistic  Bnllute  models  with  various  Inlet  dia¬ 
meter  ratios,  payload  location,  and  Internal  flow  damper  systems.  Internal  flow  dumping  Investiga¬ 
tion  was  of  purtleulur  concern  In  this  test  series  since  II  wan  believed  that  if  this  flow  should  be 
nderpmtely  damped,  the  FAnllute  would  then  become  fully  effective,  To  this  end  the  results  were  most 
gratifying  since  Isith  the  Bnllute  Inlet  screen  damper  and  the  tlup  valve  dumper  contributed  the  sta¬ 
bility  drr.livd,  The  acrccn-type  dampen'  exhibited  nupcilot  tpiullllon  In  this  demons  Utitm  uue  to  tin1 
flne-oiesli  fabric  screen  employed  with  Its  significunt  capillary  lomw.  The  valve  system  employed 
In  this  demonstration  was  a  simple  iiuitul  flapper  valve  without  an  adequate  seal  around  Its  edges. 

It  wan  concluded  that  either  system  would  provide  the  necessary  Internal  flow  stability. 

Additional  observations  of  tho  flow  characteristics  around  the  Dullutc  are  worthy  of  men¬ 
tion.  The  tests  of  vurlous  Inlet  rntlos  where  the  dumpers  wore  not  employed  Indicated  thr  Internal 
stability  superiority  of  the  largest  Inlet  diameter  ratio  (dj/d  «=  0.  3)  over  the  lesser  values  of  0.  2 
and  0.  125,  The  Inlet  ratio  of  0.  2  proved  to  bo  the  most  Inferior, 

The  presence  of  forelsidlos  (In  this  ease,  payloads)  results  In  a  relntlve  Increase  in  Inter¬ 
nal  flow  stability  over  the  totally  exposed  and  undamped  Bnllitte  case  which  was  caused  by  the  pay¬ 
load's  turbulent  woke. 

In  the  lost  cases  where  spikes  were  employed  without  the  payload,  superior  stability  was 
demonstrated  ever  the  totally  exposed  Bnllute  cases.  When  the  payload  wns  added,  the  spike  be¬ 
came  a  line  and  no  significant  contribution  to  the  slain  Illy  was  apparent. 

As  far  as  the  effect  of  proximity  of  the  payload  to  the  Bullulc  .and  Mach  number  effects  are 
concerned,  nothing  significant  can  lie  reported  from  the  test  observation. 

These  tests  confirmed  the  analytical  studies  and  demonstrated  qualitatively  the  stable  per¬ 
formance  of  the  Bailute  with  a  flow  damping  system  installed  in  the  amnilar  Inlet.  This  encouraged 
Its  employment  in  the  remaining  wind  tunnel  tests. 
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APPENDIX  H 


VARIABLE  DRAG  BALLUTES 


A.  GENERAL 

The  deceleration  of  a  puyioad  along  a  given  descent  trajectory  sometimes  poacu  require 
meats  which  seem  to  bo  best  solved  by  altering  tho  drat  force.  For  example,  a  riven  liuUulv  n«u> 
provide  the;  required  terminal  velocity  at  the  proper  altitude,  but  the  maximum  g  mads  along  tho 
trajectory  may  be  excessive  for  the  mission.  Reducing  the  cfloeitvu  drum  area  during  this  period 
With  subsequent  reduction  In  e's  ts  one  possible  solution.  Likewlsu,  whim  tiiu  niugniiuuu  uf  Ihu  pro- 
dtetod  Impact  aroa  Is  uitroason.ibly  large,  programming  cf  tho  braking  forces  during  the  recovery 
phase  can  reduce  the  search  eflort  by  shrinking  this  target  area. 

Thu  evolution  of  the  several  methods  varying  tho  drag  01  u  paylnnd-docolorutor  system  has 
boon  tho  result  of  reviewing  tho  tost  results  of  tho  contract  study.  It  was  evident  during  the  wind 
tunnol  tests  that  the  drag  coefficients  of  the  various  configurations  varied  considerably  by  changing 
tho  riser  line  length  between  the  payload  and  the  dccolorntor,  Tho  Investigation  was  divided  into  two 
major  categories:  multiple  dccalcrutorn  und  variable  geometry  docelcrators, 

Tho  sysloms  to  be  discussed  In  this  section  are  therefore 

(1)  Variable  riser  line  Bnllutes 

(2)  Clustered  liullutos 

(3)  Variable  geometry  Bullutes. 

H,  VARIABLE  RISER  LINK  ItAI, LUTES 

Figures  7l  thru  7»i  lllnsirntc  griiphlcHlIy  I lu-  vnrtiiilon  in  u„.  drug  of  a  Ballule  In  und  out  of 
the  wuke  of  the  lorebody,  Two  slgniflcunt  eharaclerlstli'H  of  this  phenomenon  are  noted:  the  total 
drag  of  a  nallute  triill'ing  within  the  wake  of  the  paylonrl  may  often  he  doubled  by  deploying  It  to  a 
position  aft  of  the  payload  wake,  und  the  change  of  the  drug  coefficient  value  occurs  through  a  rela¬ 
tively  nhull  tlttel  line  length  via  iuliun, 

The  upplleutlnn  of  these  fuels  to  vnrtuhle  drug  1h  oIivIouh,  uu  arc  the  limits  of  drug  varia¬ 
tion.  If  the  range  of  the  required  deco  lend  ton  force  variation  for  n  particular  mission  does  not  ex¬ 
ceed  a  ratio  of  2:1,  the  variable  riser  line  concept  Is  feasible, 

The  additional  equipment  required  to  make  use  of  this  system  of  tlrug  variation  Is  twofold, 
Sensing  equipment  Is  required  lo  moulhir  (he  crlth  at  p.uumeletn  (ii.uAimum  s  bidding,  velocity, 
impnet  nrcn  length,  etc).  The  output  of  the  sensing  equipment  must  then  lie  coupled  to  the  riser  lino 
length  actuator  (winch  or  similar  device). 

C.  L MISTERED  UALLUTKS 

Over  J 00  tests  of  clusuccd  Bullutes  have  been  conducted  in  the  Goodyear  Aircraft  Corpora¬ 
tion  subsonic  wind  lomicl  at  velocities  up  to  260  tt/nec.  The  mode  In  were  spheres  1.  0  locliuo  In  dia¬ 
meter  wltn  7-percenl  burble  fences.  Drag  read  lags  were  recorded  In  dusters  of  one  to  seven.  The 


Significant  data  is  so  mmur  I  ml  as  follows: 

No.  of  Bullutes 

Mean 

in  Cluster 

Cq 

1 

~0.  48 

2 

0.  50 

3 

0.75 

4 

0.80 
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II  la  evident  that  l»  the  subsonic  velocity  regime  the  efficiency  of  the  Itallute  may  be  in¬ 
creased  substantially  by  clustering, 

Coupled  with  the  increase  of  the  value  of  the  C|y,  It  ts  noted  that  the  addition  or  subtract  ton 
of  11a flutes  from  a  decoloration  system  would  vary  the  total  drag  by  a  factor  greater  than  the  linear 
increase  or  decrease  of  frontal  area, 

Since  liiv  (rental  area  of  a  Itallute  Is  nil0  and  the  surface  area  Is  4(11)2,  jjw,  r.uio  nf  the  drag 
area  to  the  fabric  required  is  I ; 4  and  the  same  amount  of  fabric  Is  required  for  a  given  drug  area 
fur  a  Mingle  Itallute  an  for  several. 

An  anulystr.  of  the  structural  requirements  of  clustered  ltallutes  as  mmpared  to  a  single 
Ualln'e  of  die  aume  drag  area  is  desci  iU-,1  liuoa:;  i<  ally  as  follows: 

Let  It;  ■-  radluH  of  stogie  llullute. 

(<2  ■  radius  of  each  Hallute  In  cluster, 
n  -  number  of  llallutes  In  cluster . 
p  >-  Internal  flallule  pressure  In  lh/ln.  * 
f  t  fabric  stress  In  lh/ln. 


Then 


Area  of  single  Itallute  -  nil0 


Aren  of  Itallute  Cluster 
nHj0  *■  nnltj* 

ltj0  »  nllj^ 

Hi* 

II 


on  It  2“ 


»a“ 

-  V";1 


Likewise 


2 

Rr 


U  ■  Pin 


«<1 

vor 


Foroxample,  II  Hj  ■  10  In.  and  n  ■  4, 


r2 


Rj  "  5  In. 


Let 


P  =  10  psl . 
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Then 


f i  *  -  =■  -  -  =  50  lt,*/ln. 

fj  .  &$■*.  25  Ih/in. 

Assuming  linear  lulallutishlp  of  fubi'v  weight  to  strength,  the  weight  of  n  cluster  01  tour  BuUutes 
(disregarding  C'D  change)  is  one  half  oi  a  single  Ballute  of  equivalent  drag  area. 

D.  VARIART.R  r.ROMKTBV  BALl.UTKS 


The  third  method  for  varying  mu  (innnlf  raiioii  characteristics  of  a  Ballute  system  is  liy 
changing  the  geometry  of  a  single  Ballute  no  ur  to  affect  Ijotti  a  change  of  frontal  urea  ami  ilrug  co¬ 
efficient  value,  Since  the  nulluto  lit  essentially  u  pressure  vessel,  tin  umunetry  |b  fixed  for  a  given 
hoi  w  aorodynnmte  loading  eomlittonn.  The  geometry  n i  a  singtn  Bnllutc  can  tie  varied  hy  uiilng  u 
combination  of  fftbr  c  pressure  vessoln  whleh  may  lio  inflated  separately  nr  together.  Two  schema¬ 
tics  of  how  thin  might  lie  accomplished  are  shown  In  Figures  155  through  150,  Figures  155,  156, 
and  157  depict  »  closed  p  re?:  nut"'  Bn 'hit;  ronalstlug  of  a  12-uUlud  pyramid  constructed  of  Alrmut 
panels  to  which  lias  been  added  an  outer  skin  attached  to  the  pyramid  at  the  panel  Juncture  linos, 
These  pockets  are  capable  of  being  lntlatert  Independently,  forming  a  series  of  tangent  cones  .  Since 
both  the  base  diameter  and  the  cono  angle  of  this  Dnlluto  can  be  varied,  the  frontal  area  und  the  drag 
coefficient  change  In  unison,  resulting  to  u  considerable  change  In  the  total  effective  drug. 

The  second  concept  (Figures  158  und  165)  is  a  modiiicatlon  of  the  first,  differing  In  tlmt  the 
Atrmut  Is  ruplucod  with  a  rum-alt  Dailute.  The  system  geometry  Is  controlled  by  u  rum-air  valve 
whleh,  uctuated  through  a  90-dogroe  arc,  diverts  the  ram  air  from  full  to  aero  with  respect  to  the 
Inner  flalUito  while  opening  l lie  nuUir  Bullnte  orifice  simultaneously  from  aero  to  full. 


AISMST  qoHES 
OCFLATCO 


Figure  155,  Dual-Chambered  Inflated  Variable-Drag  Cone  (Smallest  Drag) 
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APPENDIX  III 


VARIOUS  SPHERE  DRAG  SHAPES 


The  sphere  has  long  been  known  an  an  efficient  shape  for  pressure  vessels,  providing  Ihc 
lowest  weight  structure  for  a  given  volume  and  pressure,  Hits  it.  true,  however,  only  when  the  load¬ 
ing  Is  symmetrical  about  any  plane  containing  a  great  circle.  In  the  case  of  a  drag  Usty  the  loading 
Is  not  Hv.iunetvtcul  about  the  cquutnrlal  plane,  The  <<j>tlntum  tiliape  IN  not  a  sphere,  therefore.  us  Is 
shown  In  the  following  analysis. 

Consider  first  the  inerldliin-typo  drug  Isidy.  II  the  Isidy  Is  u  perfect  sphere.  ’he  meridian 
cables  are  perpendicular  In  the  riser  line  at  the  nose  ol  the  drsg  l«idy  and  therefore  cannot  resist 
any  riser-line  load.  Also,  If  there  Is  uny  tension  In  the  meridian  cables,  they  causa  the  sphere  to 
assume  a  new  shape,  either  liy  wrinkling  or  by  elongation  of  the  envelope  material  For  these  two 
reasons,  therefore,  the  structure  mimt  deviate  Irnin  Hu  Hplieneal  shape  In  funclP>n  as  a  ding  l“*dj 
For  a  given  size  and  loading,  the  structural  weight  depends  m»  the  amount  id  deviation  from  a 
gpherlcal  shape  that  can  be  tolerated.  The  minimum  weight  In  olitulned  with  some  form  of  pc-u 
shaped  or  hemt’shuped  IxHly,  As  the  drag  laxly  liermiieH  more  s|iherieal,  the  weighi  liici'eieis  unlit 
for  a  perfect  sphere  the  pressure  and  wetgla  theorelieally  go  in  inf  mu  p 

It  can  Lh'  shown  that  the  same  ts  true  of  uny  oilier  type  ol  suspension  of  Ihe  spherical  drag 
bodv.  Any  type  of  unsymuietrleal  loii<llni,  o  nutli.  In  tinsviiim  -irieal  di  Hu  limi.-t,  <  miisp  g  He  sltapi 
to  deviate  from  a  sphere,  It  Is  not  possible  to  say  which  type  ol  sphere  i»  the  twsl  unless  Hie  anesoil 
of  devlutlon  from  a  true  sphere  Is  specified.  In  any  ease,  a  nearly  epliei  leal  shape  will  l«>  In  at  n  i 
than  a  pear-shaped  or  lieu  it -shaped  type. 


i  rj 
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